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FROM THE PREFACE TO THE FIRST 
EDITION 

“ Which book gives the subjects dealt w ith in your classes ? ” 
“What is the meaning of the^e analjtical results 1 ” “How do 
jou estimate such and such a substance ? ” These questions are 
commonly asked by the student, the practitioner and the 
laboratory worker respectively The author has attempted to 
provide answers to all these and to similar questions The book is 
written essentially from the clinical point of view The application 
and interpretation of the more commonly employed methods alone 
are described, but it is hoped that by consulting the references to 
books and to articles in journals, the reader will be able to cover 
g tester pttrv'ixsw <r£ the SeM 

There has been the usual difficulty m deciding how much 
technical matter shall be included The author has drawn the 
line so as to embrace practically everything which is regarded as a 
routine analysis m his own department Here and there this 
dividing line has been o\erstepped so as to include personal 
observations It will be noted that the calculations are given 
very fully — some readers may consider in absurd detail This 
has been done purposely, because, in the author’s experience, more 
mistakes are made in the calculations than m the actual technique 
by the average student and technical assistant, and also because, 
in his opinion, many writers give calculations too briefly 

Both the “ old ” and the newer part* of the subject have been 
discussed, m an attempt to include the essentials of the whole of 
clinical chemical pathology in one book. Considerable stress has 
been laid on quabtative unnary testa, because the author finds 
hat a large portion of his work is, made necessary by a Jack of 
•nowledge of this essential branch on the part of those working in 
\e wards Indeed, he feels that there is a grave risk of the student 
v to day suffering as a result of the tendency, on the one hand, 
the clinical worker to refer urine tests to the laboratory, and, 
Hie other hand, for the laboratory worker to be so interested ' 
ic newer methods of blood analysis, etc , that he is apt to give 
fieient attention to examination of the unne An attempt 
' een made to present this “ older ” part of the subject m a way 
, differs from the usual arrangement, and in a way in which 
/ ms to the author that the problems are t acUed in practice 
S' greater part of the volume deals with the subject as a natural 
jnsion of the routine chemical examination of the unne 
Starting with this, as outlined in Chapter II , a coumo of practical 
asses and lectures in chemical pathology mav easily be developed 
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by the teacher in accordance with laboratory facilities and the status 
of his students. In fact, the book is largely based on the writer's 
own scheme of lectures and practical classes. 

A full index has been provided, which includes an index of 
diseases. It is hoped that this will enable the reader to see at a 
glance what chemical tests may be performed in a given disease, 
and, by reference to the text, to discover the likelihood of their 
value. . . . 


G. A. HARRISON. 
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CHEMICAL METHODS IN 
CLINICAL MEDICINE 

CHAPTER I 
INTRODUCTION 
THE FIELD OF CHEMICAL PATHOLOGY 

Chemioil pathology m the wide sense is a huge subject, and 
may be defined as the application of chemistry, of physiological 
chemistry, and of other preliminary sciences with a chemical 
flavour, to medical problems The ideal chemical pathologist must 
have not only a very wide training, but also a highly specialised 
training both in the theory and technique of several subjects 
Chemical pathology, therefore, is biochemistry appliM to medicine 
In the narrower sense the chemical pathologist is a man who does 
certam chemical tests on material obtained from patients at the 
request of his clinical colleagues He ib simply a “ medical analyst ” 
In the writer’s opinion, this attitude to chemical pathology should 
be Btrongly discouraged, since it does not make for the best work, 
either in diagnosing and treating patients or in advancing knowledge 
of disease The better type of chemical pathologist know a the value 
and limitations of the tests from the technical side, and from his 
experience, shared with not one but many clinical colleagues in all 
branches, he in time learns much of the value and limitations of his 
tests clinically The sound clinician is an expert on the clinical side, 
and also has a general knowledge of laboratory tests, but particular 
knowledge of them value and limitations in his own branch The 
combination of the two types of men makes for the best work, but 
it can only be rarely that the two are combined in one man, so large 
have the subjects become 

When teaching chemical pathology it is not uncommon to hear 
the student complain that he has done all this before m chemical 
physiology That complaint is to a certam extent justified since 
much of chemical pathology is the appbcation of physiological 
chemical tests to pathological material But whereas m chemical 
physiology the student Ieams a series of tests for one or another 
substance, in chemical pathology he has to select and apply only 
those teste which can be relied upon to give him information in 
more complicated fluids, more complicated in the sense that owing 
to disease there may be not one but several abnormalities For 
example, in chemical physiology the student learns to test the unne 
for glucose, or for lactose, or for pentose, and so on In chemical 
emeu hkthom 1 1 
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pathology he has to apply this knowledge, or a selected part of it, 
to identify the substance or mixture of substances responsible for 
the reducing action he observes the unne to give 

It is obviously not only unnecessary, but impossible to cover the 
ground which is supposedly covered m the student’s preliminary 
studies, but the student is bound to forget somethmg, and not to 
have the opportunity of learning everything The writer, therefore, 
makes no apologies for including in this and subsequent chapters 
certam chemical and technical points which in his experience cause 
difficulty to students and teclimcal assistants 

Naturally w medicme preference is often given to the simpler 
tests Not uncommonly only gross variations from the normal 
are of pathological significance When interpreting the results of 
analyses, it is important to know the normal range (and not merely' 
the “ average normal ”), and also the percentage accuracy of the 
technique employed It is often fair to state that such and such a 
method with an error of ± x per cent is sufficiently accurate for 
clinical purposes, but Btrong objection is taken to the phrase “ good 
enough for clinical work ” The chemical pathologist should be at 
least as careful in his technique as lus scientific colleagues He 
may select a method which is relatively simple, and has a probable 
error of, say,*± 10 per cent, in preference to a more elaborate 
technique which has a probable error of, say, ± 2 per cent , because, 
and only because, be knows that the better method will not yield 
results of any more significance clinically For example, in the 
urea concentration test (see Chapter V), the hypobromite method 
of estimating urea in urine is selected in preference to the more 
accurate urease method, because it is much simpler, and only gross, 
variations m the urea concentration are of significance clinically 


SELECTION OF BOOKS 

The reader already possesses the particular book on chemical 
physiology used in his school, together with a text book of phy siology 
for reference Of the former, Hawk and Bergeim's Practical 
Physiological Chemistry is one of the most comprehensive, and gives 
numerous references to the literature Another valuable book is 
Mathew’B Physiological Chemistry, which gives a fuller discussion of 
various theories A very wide field is covered by Mandel’s translation 
of Hammarsten and Hedrn’s Text book of Physiological Chemistry 

On entering upon our clinical studies most of us find Hutchison 
and Hunter’s Clinical Methods invaluable, and this includes several 
of the chemical tests There are innumerable books on Clmical 
Diagnosis or Cluneal Pathological Methods from which to make a 
selection, hut everyone really interested in the chemical side of 
general pathology should possess a copy of Wells ’ Chemical Pathology 
Neubauer Huppert’s Analyse des Hams is a mine of information, 
but has not been brought up to date Peters and Van SlyLe’s 
Quantitative Clinical Chemistry (Viol I , Interpretations , Vo I II , 
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definition of certain terms 


unruut»«‘> — 

The term ‘'normal” may cause contemn B - ^ >» n ° 
less than three drffcra^ censes wrttre^ which contains no 
(■ ) , JroSTor basic oxygen, as opposed 

replaceable hydrogen <* ^jd™ 7 We H or a bmc s8 lt rrbioh 

contain^replaceablo^OH or basic oxygen, c <J , 


KorvMil , . . 

Na 3 T? 0 4 Tn sodium phosphate 


dctdic . , , 

NaHjPO, Sodium diliydrogen 
phosphate 

COOK 

acid potassium 
COOH oxalate 


C00K “ neutral ” potassium 
COOK oxalate^ 

BiOCl from Bi. 0 3 
Fe(OH)SOj from Fe(OH) 3 

. .. ’ salts are not necessarily neutral in 

Solutions of ““teb S alkaline, and FeCI, which is acid 
reaction, e g , Na2 ?« ( l 3 plltr „i •> jg not uncommonly used instead of 
though ae (tern, oxalate ” instead of normal 

potassium oxalate ”) „ of a saIt „ the “ equivalent per litre ” 

(„ ) A “ n0 T ma ' S °'* f substances whose molecular weights in 
solution In the ca replaceable hydrogen, or 17 gm of 

grammes contain 1 , ,5. * of chlorme, and so on, the normal 

Replaceable hydroxyl, ror 35 0 gm „ 8olutlon (molecular we., 
iq the same as tne nf some subs! 


grammes cuiiw*»* ° or k gm of chlorme, ana so uu, 

Replaceable hydroxyl, or 35 B gm „ 8olutlon (moIe cular weight 1 
solution is the some as the solutions of some substances 

grammes m 1,000 cc ) but thema^ ^ a normo l 

contain multiples otthe mo l e0 ular weight m grammes, or 
NaCl 

58 5gm of sodium chloride per 1,000 c e 
° S <■ chloride contains half the molecular 

But a normal solution o^ t anum chloride in a litre of 

weight, or 10* S 131 • 

solution — 

' Ba ^ 2 208 — 104 em of barium chloride per litre 

137 + 71 * e T - 

In other words, with a knowledge of valencies, the normal 



4 


CHAPTER I 


solutions of salts can easily be calculated In the above example 
BaCl 2 has been calculated as the anhydrous salt The barium 
chloride in general use is the hydrated salt It is essential to know 
whether a salt is hydrated or anhydrous Very frequently the 
makers do not state whether a salt is hydrated or not, and this is 
often the cause of error, eg , 

BaCI, 2H 2 0 (crystalline banum chlonde) 

244 

208 -f- 36 * e — = 122 gm per litre 

Authors, too, not infrequently neglect to mention the water of 
crystallisation of the salts employed Thus the sodium tungstate 
used in Folin’s method of precipitating proteins contains two 
molecules of water, and the zmc sulphate of Hagedom and Jensen’s 
blood sugar method is ZnS0 4 7H,0 

(m ) The “ normal ” saline used in bacteriology and physiology, 
etc , is 0 85 per cent sodium chlonde, whereas a normal solution 
of NaCl is 0 85 per cent (see above) This third use of the term 
“ normal ” may unfortunately be confused with the other two 
technical meanings Better names are “ physiological ” saline, or 
" isotonic ” saline (because it has the same osmotic pressure as 
human blood) 

The Terms “ Weak ” and “Strong," and “Diluted" and 
“Concentrated " — Strictly, the term “weak” or “strong" acid 
or base should be used m reference to the degree of ionisation, and 
not m reference to the degree of dilution Thus HCI is a strong 
acid because it is almost completely ionised in solution Acetic acid 
is a weak acid because it is only slightly ionised When a solution 
has been diluted, it should not be referred to as a “ weak ” solution 
Similarly, a concentrated solution should not be termed “ strong,” 
e g , ammonia solution with a S G of 0 88 is concentrated ammonia, 
and not strong ammonia 

PREPARATION OF STANDARD SOLUTIONS 
Some examples are given m the Appendix, but the definition 
and general principles of the preparation of standard (“ normal ”) 
solutions as used m volumetric analysis are as follows — 

A normal solution ts such that 1 litre yields 1 gm of replaceable 
hydrogen, or 17 gm of replaceable hydroxyl, or 35 5 gm of chlorine 
or 8 gm of replaceable oxygen, and so on It is an ‘ equivalent per 
litre ” solution If this definition is remembered there will be no 
difficulty 

A normal solution of an actd can be looked at in another way 
It is equal to the molecular weight m grammes over the basicity of 
the acid per litre Sulphuric acid is a dibasic acid i e , it contains 
two replaceable hydrogen atoms 

Normal = Equivalent per litre 

, Molecular weight , , 

Normal = Basicity of aci d* m S n “ InmeS peI Mre 
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Thus, instead of 98 gm of sulphuric acid, = 49 gm of sulphuric 

acid per litre will be required In the same way, for phosphoric 
acid, HjP 0 4 , which, contains three replaceable hydrogens, a normal 
98 

solution will contam — , or 32 67 gm per litre, and so on 

The normal solution of a base contains 17 gm of replaceable 
hydroxyl, or 8 gm of basic oxygen per 1,000 c c It may be 
expressed as the molecular weight m grammes over the acidity of 
the base per litre, e g , with caustic soda — - 

NaOH 40 

te y gm per litre 

On the other hand, for calcium hydroxide, containing two 
replaceable hydroxyls, 37 gm per litre would be needed — 

Ca(OH) a 74 _ , , 

40 + 34 * * y — 37 gm per litre, 

74 

though, in fact, calcium hydroxide is not soluble m water to this 
extent 

Very often, the substances cannot be obtained absolutely pure 
Thus HC1 always contains water, and m varying amounts, as can 
easily be shown by taking the specific gravity Often it is 
impossible to weigh out a substance that is going to be made up 
into a standard solution Thus some substances, e g , sulphuric 
acid, may take up water during weighmg Sodium hydroxide 
absorbs C0 2 from the air For these reasons and others, the 
following indirect method has often to be used First, a solution 
of approximately the correct concentration has to be made For 
this purpose the following table will be useful — 


Approximate Normality of Acids and Bases 


Substance 

i 

Approx 
strength of 
original 
eabetaare 

1 c e tubsUnce per litre to make approx » — 

ION 

? 

01N 

If 

10 

0-01 N 

N 

100 

Acids 





Acetic 

17 N 

60 c c 

6 c c 

0 6 c o 

HQ 

10N 

100 „ . 

10 

2 0 „ 

hno 3 

16 N 

63 „ ! 

6 3 „ 

0 7 „ 

h 2 so 4 

36 N 

28 „ 

3 „ 

0 3 „ 

Bases 





NH 4 OH 

20 N 

50 c c 

5 c c 

0 5 cc 

KOH 

— 

58 gm 

6 8 gm 

0 6 gm 

NaOH 


42 , 

42 , 

0 42 „ 
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Then the approximate solution must be estimated accurately 
against a standard acid or base, etc , and then diluted to the required 
amount As an example, suppose 30 c e of an approximately N/10 
solution of HC1 require 11 c c of exactly 01 N soda, then each 

10 c c of the approximate solution of HC1 must be made up to 

1 1 c c. with water 

A normal solution of a sail has already been described 
Normal solutions of oxidising agents may be defined as solutions 
which yield 8 gm of available oxygen or its equivalent per 
1,000 c c ii 

Take as an example potassium permanganate m acid solution — 
2KMn0 4 4- 3H 2 S0 1 = + 2MnSO. + 3H,0 + 50 

2(39 + 55 + 64) 5 x 16 

2 X 158 80 

316 

From the above equation it is seen that 31G gm of KMn0 4 in 
acid solution yield 80 gm of oxygen , therefore, from the above 
definition 31 6 gm of KMn0 4 yield 8 gm of oxygen and would be 
contained in 1,000 c c of a normal solution 


NOTES ON CERTAIN APPARATUS 
Pipettes 

Pipettes may be calibrated in one of three ways (i ) 44 to 
deliver ” by touching off against the side of the vessel (for fifteen 
seconds) when the pipette is filled, and again when it is emptied , 
(u ) 4, to blow out,” the pipette is filled to the mark and wiped 
clean externally, drained into the vessel, and finally blown through 
once whilst drawing it upwards and touching off , (m ) 44 to 
contain ” The pipette is filled to the mark, superfluous fluid on 
the outside or at the end being removed with filter paper, lint, etc 
The contents are then delivered into the diluting fluid, which is 
then sucked up and down repeatedly, the pipette being finally 
blown as dry as possible 

In (l ) and (n ) calibration is usually effected by weighing water, 
in (ui ) by weighing mercury For examples, see Appendix When 
checking the calibration, pipettes that are accurate + 1 per cent 
may be passed for all ordinary purposes Sometimes pipettes as 
obtamed from the makers are as much as + 5 per cent out For 
very accurate work each pipette should be calibrated by the 
operator himself with the fluid he is going to use, but this is 
unnecessary for clinical work Pipettes should be clean and dry 
Mucus from saliva, grease etc in time may introduce appreciable 
errors Routine cleaning and drying may be earned out by rinsing 
through in order with tap water, distilled water and acetone The 
pipette is then placed in a suitable stand tip uppermost, and air 
drawn through with the aid of a suction pump until it is quite dry 
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(Fig 1) When a pipette is dirty, as shown by drops of fluid 
adhering to its walls when drained, or by bubbles of air refusing to 
move when it is filled, it should be washed through with tap water 
and placed overnight in dichromate cleaning fluid (see Appendix). 



Fig 1 Apparatus for drying pipettes 


Next day it is rinsed in turn with tap water, distilled water, and 
acetone, and dried as previously described. 

Microscope 

The care of the microscope is outside the province of this book, 
but a note on focussing the condenser is given below because the 
writer has found that very few students know how to do it 

Place a blood film, a mounted urinary deposit or other object on the stage and 
focus it accurately, using tho low power {eg , J in ) Thereafter do not alter the 
Betting of the microscope above the stage Rack up the Abb6 condenser until it 
almost touches the underside of the microscopical slide Tilt the reflecting mirror 
until a chimney pot or some other convenient distant object also comes into view on 
looking down the microscope Raise or lower the condenser till the distant object 
also is sharply in focus The condenser is now correctly focussed and should not 
be moved again Tilt the mirror to get nd of the imago of the distant object 
(chimney pot, etc ) Open or close the diaphragm to alter the intensity of the 
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illumination Tho same procedure may bo employed for the higher power («<r, 
* m ) “ >? perhapa a refinement of technique but makes a considerable diSercnce 

to the definition of Bmall objects and reduces eye strain during prolonged 
examinations 6 

A simple pointer placed m the eyepiece is illustrated in Fig 2 
Tins is useful to the teacher for demonstration, and to tho student 
in asking his instructor what is the nature of a particular object 

A thick ring is cut from a piece of rubber tubing of suitable 
size , m the rubber is inserted a pointer made by filin g to a sharp 
point a piece of stilette wire, or by utilising the terminal f in of a 
fine needle The rubber rmg is placed on the diaphragm in the 




Fio 2 Pointer for eyepiece of microscope 
A As viewed down microscope 
B As seen in section of eye piece 


eyepiece and the pointer is adjusted so that its point lies in the 
plane of the diaphragm, and is sharply in focus when using the 
microscope 


Polarising Microscope 

It is valuable to possess a polanser and analyser which can he 
attached to the microscope, or, better, a petrological microscope 
with, rotating stage, polanser and analyser The apparatus is 
useful in the identification of starch granules (p 58), of doubly 
refracting droplets in casts from myelin kidneys (p 46), in 
exam inin g crystals and fatty deposits in sections (e g , m 
xanthomatosis), and so on In general, the great majority of 
organic crystals are doubly refracting or “ anisotropic ” Indeed, 
all crystals organic and inorganic, are anisotropic if they do not 
belong to the cubic system 



Fio 3. Balancing centnfugo tubes 


should be lubricated according to the maker’s instructions. If no 
instructions are suppbed, write to the makers. 


Direct Vision Spectroscope 

This is invaluable in chemical pathology. For instructions for 
use, see p. 208. 


Colorimeter 


This is an apparatus for comparing the intensity of the colour 
of two solutions, one of which is termed the “ standard ” and the 
other the “ unknown ” The “ standard ” contains a known amount 
of a given substance in suitable solution and is treated with a 
particular reagent to produce a coloured compound. The 
“ unknown ” contains an unknown amount of the same substance 
in solution and is treated in exactly the same way as the “ standard.” 

A description of the various types of colorimeters is given in the 
standard text-books. It is essential to remember certain general 
principles. Unless it has been shown by experiment that the depth 
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of colour 13 proportional over a wide range to tlie concentration of 
substance present, the standard and unknown must be of approxi- 
mately the same concentration , they should not differ by more 
than 20 per cent For this reason two or more standards of different 
concentrations are frequently prepared simultaneously with the 
unknown, and that standard wluch approximates most closely 
m colour to the unknown is selected for the final comparison. 
Secondly, in developing colours in complicated mixtures such as 
blood or urme, it not uncommonly happens that coloured compounds 
are obtained from substances other than the substance under 
investigation, and though the conditions are arranged so that 
these extra colours cause the minimum of interference they do at 
times introduce various tints and modifications of the mam colour, 
so that colour comparison is inaccurate or impossible Thirdly, 
both standard and unknow n should be absolutely clear Occasionally 
a precipitate is formed in the unknown which may make colorimetric 
comparison impossible or inaccurate Difficulties due to variation 
in tmt, or to opacities, are particularly likely to be encountered in 
pathological work The standard is usually a solution of the pure 
substance to be estimated, in water or some other solvent (volatile 
solvents are obviously undesirable, but sometimes have to be used) 
The unknown is a solution of the same substance in some complicated 
solution such as unne, unne filtrates, protem free filtrates of blood, 
and so on Theoretically the standard should be prepared by 
dissolving x m the unknown deprived of its content of x, but this 
is obviously generally impossible “ Artificial standards ” are 
sometimes used These are of two mam types (i ) a solution of 
another chemical which has the same colour as the solution of the 
substance to be estimated (c/ standard m Van den Bergh's test, 
Chapter XII) , (n ) glass discs of appropriate colours Rosenheim 
and Schuster have developed a colorimeter on this principle ( Biochem 
J , 1927, 21, 1329) The above points are important m indicating 
the limitations of colorimetry In spite of these limitations, 
however, colorimetric methods are valuable, and particularly w 
chemical pathology, on account of their relative simplicity and the 
speed with which repeated estimations of the same substance can 
be performed Moreover, colorimetric methods are often applicable 
to much smaller quantities of fluid (e g , blood) than the more 
orthodox volumetric or gravimetric methods Indeed, in medicine 
it may be a question of a colorimetric method or none at all 

The following are the essential practical instructions (Kober 
type of apparatus) — 

(i ) Clean and dry both cups and plungers 
(u ) Adjust (if necessary) the zero readings Rack up each cup 
till it touches the bottom of the plunger, and see that O corresponds 
to O on each side If not, reset the scale In the Kober type 
make sure that the base of the cup sits properly on the base of the 
holder 

(m ) Fill both cups with the standard solution Set each at, 
aay, 20 mm , and adjust the mirrors till the illumination is even 
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In the newer types of colorimeter with an electric bulb in the 
base as direct light source, the position of the bulb is adjusted till 
the illumination of the two half fields is equal A set screw is 
provided which is loosened initially, and screwed home when the 
adjustment has been made. 

(iv ) Leave the standard solution in the left hand cup Tip 
back or throw away the solution from the right-hand cup, draining 
out as much as possible It is not necessary to dry out the cup 
completely, as one drop of standard added to several cubic 
centimetres of unknown will introduce no appreciable error. Fill 
the right hand cup with the unknown, replace, and rack up or down 
till the unknown matches the standard 

Some workers take a single reading, but most prefer to take 
five or six and average the results Prolonged staring must be 
avoided lest retinal fatigue occurs The first reading is commonly 
slightly different from the rest, and m that case may be discarded 
It is found that there are often slight variations in the readings 
obtained by different individuals Thus my assistant almost 
always obtains a slightly 'higher average reading than I do, though 
both of us have had ample practice. This personal factor, and the 
factor of retinal fatigue, have both been raised as objections to the 
colorimetric method, but actually it is found that the variation 
expressed as a percentage of the final result is very small, usually 
less than 2 per cent In volumetric titrations, two workers may 
not vary by more than 1 drop, whereas their colorimetric readings 
may differ by 2 or 3 mm , but to compare the difference between 
two colorimetric readings with the difference between two titration 
figures both must be expressed in common terms 

To simplify the calculation the unknown may be set at a fixed 
level (eg , 20 mm ) m the left hand cup, and the standard may be 
placed m the right hand cup and moved up or down to match 
the unknown (c/ calculation of blood sugar (Folin and Wu) in 
Chapter VH) 

(v ) Calculation — 

Concentration of substance m volume of unknown solution employed = * 
Reading (depth in millimetres) of unknown " «« 

Concentration of substance in volume of standard solution employed = y 
Reading of “ standard ’ *= * 

S 

x x u = y X s, orz = -X y, 

wherefore x i3 readily calculated, since y is known, and s and u are 
measured If standard and unknown are each made up to the 
same volume, which is the usual procedure, then y, and hence x, 
can be expressed directly in terms (say) of milligrammes per 100 c c , 
but otherwise allowance must be made in the calculation for the 
relative volumes of standard and of unknown 

The intensity of colour is directly proportional to the 
concentration of the substance responsible for the colour 

(vi ) Notes Some chemicals attack the varnish on the shoulders 
of the plungers Do not, therefore, overfill the cups 
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In the Kober colorimeter the base of the cup is fused on , the 
cups may, therefore, be used for almost any substances In some 
types of colorimeter, however, the base of the cup is cemented on, 
m winch case chemicals which attack the cement must not be used 
When badly stained, opal or frosted glass mirrors may be cleaned 
with fine emery or carborundum paste 

In some instruments the fields are crossed, the optical arrange 
ment being such that the right half of the field corresponds to the 
solution in the left cup, and the left half to the right cup Although 
this sometimes puzzles the beginner, it is immaterial, because the 
scales move with their corresponding cups 

Nephelometer , 

This is an instrument for comparing the ratio of, the opacities 
of two suspensions A colorimeter may generally be adapted for 
use as a nephelometer Different types of cups must be used A 
colorimeter cup has dark opaque walls and a clear transparent 
bottom A nephelometer cup has clear transparent walls and a 
dark opaque bottom In a colorimeter the light comes through the 
bottom of the cup and up through the solution into the plunger 
In a nephelometer the light passes directly through the walls of the 
cup, and is reflected by the particles of the suspension up through 
the plunger The Kober pattern is a combined colorimeter 
nephelometer 

The mam difficulty m nephelometric methods is to ensure that 
the same state of aggregation of particles is obtained m standard 
and in unknown Since the standard suspension is obtained by 
adding certain reagents to a simple solution of a given substance, 
whereas the unknown suspension is obtained by adding the same 
reagents to a complicated solution (e g , protein free filtrate of blood), 
this difficulty is readily appreciated 

Nephelometric methods are not often used m chemical 
pathology and in general are not trustworthy when applied to 
biological fluids 
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THE ROUTINE CHEMICAL EXAMINATION OF 
THE URINE (Qualitative) 

What 13 the minimum permissible in the routine examination 
of the urine ? This is the question that faces the bewildered student 
early in his career in the wards The busy practitioner and the 
laboratory worker are often faced with the same problem It is 
just as essential to examine the urine as, say, the chest in routine 
clinical investigations , but how often are urinary examinations 
omitted 7 Possibly such omissions would be fewer if a routine 
procedure could be adopted which was simple, and yet ensured that 
nothing of importance would be missed The following scheme is 
suggested — 

41) Naked eye appearances 

(2) Reaction to litmus 

(3) Tests for protein {“ albumin ”) 

(4) Tests for reducing substances (“ sugar ”) 

Just as there are four stages in chest examinations — inspection, 
palpation, percussion and auscultation — So one may memorise the 
four steps of the minimum routine urinary examination as mspection, 
reaction, protein and reduction 

Under (1) will be noted the colour of the urine, whether it is 
clear, opalescent or cloudy, whether there is any deposit visible, 
and, if so, the naked eye appearance of the same Unnes abnormal 
in colour are dealt with m Chapter XI, and urinary deposits in 
Chapter IV 

As regards (2), the only point which may cause confusion is the 
term “ amphoteric ” It is sometimes stated that on occasion the 
same urine may turn both red litmus paper blue and blue litmus 
paper red, and that such urine is “ amphoteric ” in reaction This 
statement is apt to be misleading 

The colour of litmus changes from red in a definitely acid solution 
(pH 5 4) through vaiyrng shades of redchsh purple and purple as 
the solution becomes less acid, to blue when the reaction is definitely 
alkaline (pH 7 8) When the urine is intermediate in reaction 
(about pH 6 8) red litmus paper is changed to a reddish purple tint, 
and blue litmus paper is changed to tho same intermediate tmt 
The student may demonstrate these changes of tmt for himself by 
testing fresh milk with red and blue litmus paper Fresh cow’s 
milk has a reaction of about pH 6 8, and is also said to be 
** amphoteric ” in reaction 

(3) and (4) Tests for protein are considered in Chapter IH, and 
testa for reducing substances in Chapter VI It should be an 
invariable rule to examine microscopically the deposit (centrifuged 
if possible) whenever proteinuria is found Similarly, when reducing 
substances are discovered in the urine, the specimen Bhould 
automatically be tested for acetone bodies Our scheme, therefore, 
becomes — 
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(1) Naked eye appearances j 

(2) Reaction to litmus 

(3) Tests for protein (“ albumm ”) - — >(5) Examination of 

centrifuged deposit 

(4) lests for reducmg substances 

(“ sugar ”) — — >(G) Test for acetone 

bodies 

The examination of the deposit is outlined in Chapter IV, and 
tests for acetone bodies in Chapter IX 

The above scheme will be found to be a good working minimum 
in practice The colour of the urine, points m differential diagnosis, 
etc , will often call for additional tests which it is not essential to 
include in the original routme examination It will be noted, for 
instance, that so far tests for blood have not been mentioned 
The reason is that, with the above scheme, if blood is present in 
large or moderate quantities, the abnormal colour alone will make 
obvious the necessity for tests for blood In any case, even if the 
amount of blood be very small, protein will be found, and that will 
be followed by a microscopical examination of the centrifuged 
deposit, which is the best test for haematuna (see Chapter X) 
Similarly, a yellow ekm or yellow sclerotica or the colour of the 
urine wdl suggest testing for bile (Chapter XII), and so on 

In laboratory work it is valuable to enlarge this scheme of 
routme exammation by three further tests, viz those for urobilin 
(and urobilinogen), indican, and chlorides (qualitative test) Tests 
for urobilin are given in Chapter XII The simplest is the 
spectroscopic examination of the urine after filtration and 
acidification with a mineral acid Incidentally, spectroscopic 
exammation (see Chapter X) may reveal the presence of other 
abnormal constituents, e g , heemoglobm, porphyrin, etc Whilst 
indican (Chapter XIV) is being tested for, the presence of bromides 
or iodides m the urine (Chapter XI) may incidentally be noted 
Chlorides are discussed m Chapter XV 

Though not essential in the exammation of every urine, this 
third scheme may also be helpful to the student and practitioner — 

t i _ (Colour 

(1) Naked eye appearances ] DeJ0slt 

(2) Reaction to litmus 

(3) Tests for protein (“ albumm ”) >(5) Exammation of 

centrifuged deposit 

(4) Tests for reducmg substances 

(“ sugar ”) »(6) Test for acetone 

bodies 


{7) Tests for urobilin and 

urobilinogen >(8) Spectroscopic 

examination 


(9) Tests for mdiean 
(10) Qualitative test for chlorides 
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Lastly, it is often valuable to have a scheme for recording results 
which shall omit nothing essential In looking up records of past 
cases, the failure to record negative findings often leads to doubt 
as to whether search has been made for a particular product The 
following form has been in use m the writer’s laboratory for several 
years, and its routine adoption has, not infrequently, led to the 
discovery of pathological conditions unsuspected by clinical 
colleagues — 


Name 

Age 

Lab Ref No 

Ward 

Date 

Phys or 

Surg 

Clin Diagnosis 

Urine 

Routine Chemical 



Colour 

Specific gravity 
Reaction 
Total protein 
“ Sugar ” 
Acetone bodies 


Deposit- 


fWBC 
IRBC 
|Ep cells 
[Mucus 


Urobilin and/or ogcn 
Bilirubin 

Bile salts 
Indican 

Chlorides (qual” test) 
Other findings 

I Hyabne 
Granular 
Epithelial 
Blood 
Waxy 
(Crystals 


PRACTICAL INSTRUCTIONS FOR ROUTINE TESTS 1 

1 Note reaction to litmus, the specific gravity, and the colour 
of the unne, and the naked eye appearance of the deposit (if any) 

2 Prolein 

Boiling Test Fill a test tube three parts full with clear urine 
(filtered if necessary), incline at an angle and boil the upper layer 
by means of a small flame A turbidity indicates either protein or 
earthy phosphates Add 1 drop of ac etic acid (33 per cent ) and boil 
again Any remaining t uHmli t y indicates the presence of proteip 
NoleS£)If excess of acetic acid be added to an acictunne a small 
amount of protei n may be _ missed , owing to its conversion into 
metaorotem on boih ug _in_a ciil solution — hence the reason for 
"adding only 1 dropof acetic acid If the reaction of the origina l 
urine be alkaline 1 drop of acetic acid may not be sufficient to 
Tpm jer the mix ture acid, i nw hieh case the protein may not b e 
coagulated Larg e amount s of protein may, be missed-in^this waj 
ffitherefore, the reaction of the original unne be alkahnejo litmus, 

* For moro detailed discussions of tl ese tests see subsequent chapters 
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make it Blightly acid 6e/bre_p erformmg the boiling test Or, 
alternatively, after boiling the original unne, continue the - addition 
of tho acetio acid until the reaction is slightly acid and boil again 
Salicyl-sulphonic Acid Test Into a g m test tube pour enough 
clear urmo (filtered if necessary) to form a column approximately 
1 m high Add 10 drops of.2 Q per cen t salicyl sulphomc acid A 
white precipitate indicates the presence of protein 

Notes If there is any difficulty in deciding whether a precipitate 
has formed, compare the opalescence of the treated urrne with a 
second sample of the original untreated urine placed in another 
test tube 

If the urine is very alkaline m ore s alicyl sulphomc acid will .be 
required 

Very occasionally false positive reactions may be due to uric 
acid, or to_uros electan |see p 'Z'i'Z) 

Nitric Acid Ring Test Place about 3 c c (}in column) of 
concentrated nitric acid in a test tube, and superimpose about 
3 c c of ufme A whiteyang generally indicates p rotein (albumin, 
globulin mucus, or proteose), but o ccasional ly may be due to urea * 
nitrate, uriQjacid, resinous bodies uroselectan or even bile acids' 

The nitric acid may oxidise pigments or c h romogens so that a dark 
r ing islo fmed atthe j unction of the two fluid s, a nd this may obscure . 
a slight precipitate of protein 


3 " Sugar ” (Reducing Substance) 

Benedict’s Test Transfer to a f mutest tube e nough Benedict ’s 
qualitative soIutioaJxLmak e a column approximately 1 in hig h 
To this add 8 dro ps of the u rine Bo il vigo rously for tw o mi nutes 
and (if~3oubtful) allow to sta nd t ill the precipita te settles If 
“ sugar ” is present a red or yell ow pre cipitate of [ cuprous o xide ^. 
wil l be obs erved 

Note It ib essential to add a small volume of urine and to bod 
thoroughly If too much uri ne" be added the resul ts are a pt to be 
ambiguous., owing to a prec ipitat e of earthy p hospha tes Even 
with the.8 d rops recommended a slight white or g reyish precipitat e 
of earth y phosp hates may some Upes ^a jipear and sim ulate a feeble 
reduction 

Fehiing’s Test Take two test tubes and in_the one (a) place 
approximately 5 cc (1 in column) of urine and m the other (b) 
an equal volume of Eehlmg s solution Heat the j wo. tubes over 
the same Jame and, when boding add .the contents of (a) to ( b ) 
Allow the mixture to stand without further heating If an 
abnormal amount of ‘ sugar ” is present, a red or ye llow precipitat e 
wjjl_appear " f "' 

*" Note Prolonged boding of the urine with JFehlmg s solution is 
very apt to lead to the fo rmation of a gr eemsh~p reeipitate owing to 
the action of the strong alkali on normal urinary constituents 
Wyi ander’s Test d-eduction _pf bismuth salt ) To about 5 cc 
(1 m column) of urine in a teat tube add 'one fifth its volume of 
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Nylander’s reagent, and boil thoroughly for about two minutes 
£ blank precipitat e of b ismuth will appear rapidly if much “ sugar ” 
is present Otherwise place the tube asidelorji few minutes and 
note w hether a black precipitate settle s to the bott om White 
or greyish jvhite oiTSrowiugh jprecipitates are of no s ignificance 

4 Acetone Bodies 

Roth era’s Test for Acetone and Acet o-acetic Acid (Modified) 
Placein a test tube the mixed crystals of ammonium su lphate 
and sodiu m mtropr usside (poydgred m proportion of 1 00 p a rts of 
sulphat e to_l par t of m troprussid e) to a hei ght of \ m ( about 2 gm ), 
andVacld u rmo to fill the tube half w ay (about 10 c c ) Then add 
2 or 3 c. c, (i in column) of co ncent ra ted am monia place the thumb 
over the mouth of the test tubo ,"s jiake well , and a llow to stand A 
characteristic purple (per manganate) col our i ndicates the presence 
of a ceto ne, or a ceto acetic a cid, or both )/ - 

Tho test is much more sensitive for _aceto acetic a cid than f or 
aceton o The inte nsity of the colou r and the rate at wi nch it 
develops vary "with the co ncentra tion 

Gerhardt’s Test f or A ceto acetic Ac id To a pproximately 5 cc 
(1 in column) of the urine in a test tube-add 10 per cent ferric 
chlonde, dro p by drop till n o further prec ipitate of ferric phospha te 
informed EUier To the filtrate add Jipme rnorefem c chlori de 
A Bordeaux r ed colour in dicates a ceto acetic aci d Be careful to * 
ayouLexcess-of fe me chlond e l est the red colour be masked 

Note A si milar colour is g iven by a lar ge number of substa nces, 
such as sal icylic aci d, and the bodies excreted after admi nistration 
of aspir in, antipyrin, thallin, etc The majority of th ese sub stances 
are not deatro yecTby hoi ling, whereas ace to acetic acid is c onverted 
i nto aceton e and C0 2 if the urine be_boiled thoroughly, e g , m a 
b oiling tube o r con ical fla sk 


5 Blood 

Examtnsit&n af C eatrtfuged I>epasA /J& zvra sian s} sad Use af 
Sp ectros cope (Hzemoglobinuria) By far the most sa tisfactory test 
for bloqdjs the macroscopical and mi crosc o pical exa mination of the 
centrifu ged depos its This deposit may be red to the naked ej e, 
although the o rigin tl u rine be not a bnopmaL in-Cfllfliir The presence 
of red blood corpuscles is o bvious on microscopical examination, 
eyen when^the blood is_so highly diluted th at the most, d elicate 
c hemical te st fails ~to r eveal i ts presence If on s pectroscopic? 
examination of the urine clegrgl by c entrifuging the t v o character istic 
absorpti on ban ds of oxyhemoglobin (see Fig 47, facing p 212) arc 
seen, he moglobi n is present in solution m the urine 

G uaiacui nReacti o n Boil well about 5 c c (1 in column) of 
urine in a test tube, cool and add 2 drops of fresh tinc ture of 
guaiacum Shake, and Boat a lay er of ozorno. ether on th e surfa ce 
Whenjblood is present ablue nng is farmed ( a blue ring "in &\*s> 
gi ven b 3 pus and by the urme of patients tak i ng iodides ) T*u‘ 
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test may not be positive when blood is present in sm all qua ntities 
although red blood corpuscles can easily be seen with tHeaid of a 
microscope 

Reduce d^Phenolphthalein Tes t To about 3c c $ in column ) 
of reducgd-plicnolphthalein (Kastle Meyer reagent-see Appendix) 
add 10 drops of 10 volumes hydro gen perox ide Then add an 
equal volume (i m column) of unne, and shake Do not w arm 
If blood be present the mixture assumes a pink colour It is essential 
that the test tubes be absolutely clean The reagent becomes less 
sensitive on keeping , it must be filtered if not absolutely clear 

Pyramidone Ring Test Acidify 2 to 3 c e of unne in a test tube 
With a few drops of 33 per cent acetic acid Carefully superimpose 
about an equal volume of 5 per cent pyramidone (amidopyrm) m 
absolute alcohol Add 5 to 6 drops of 10 volumes hydrogen peroxide, 
allowing each drop to fill well into the solution A lilac or mauve 


ring indicates blood (If the unne contams iodides a “ false positive ” 
results owing to the liberation of iodine ) 

X.Hyperol- Benzidine Tes t (J Ingham, Bwchem J, 1032 26, 
/ 124) Un a white tile mix a knife point of s olid benzidin e. 2 drops 
of gla cial, acetic acid Lilxpp of unne and a knife pomt of hyperol 
(solid compound of and urea 35 per cent H 2 0 2 ) A_hlue 
colour lesults i f blood be present, even i f only in traces Pus, 
e nzyme s and i odides give f alse positive reactions 


Bile Sa lts H ay’s Te st Sprinkle the surfacu-nfLs ome ur ine 
in a test tube with finely powdere d fl ower s of sulphur The particles 
fall to the bottojn of the tube^f^bjlo salts are prese nt Treat a 
^normal urine similarly for com parison. 

Bilirub in Io dine J est Perform a ring te st, floatingj-mctiire of 
iodine (see Appendix) d ilute d with a n equal quantity _p £jbstlllcd 
water o n the surf ace of the unn e A g reen nn g indicat es bilirubin 
G melin’s Test Place about 3^c (£ m column) of concentrated 
mtric acid in a test tube, and su perimpo se about 3 cc of uri ne 
A green or blue rin g indicates bilirubin 

Alternatively the test may be applied by adding a drop of 
concentr ated mtne aci d to a p iece of filter pap er previously soaked 
with t he urm eT Or a drop, of each fluid may be placed_close_to 
one anotherlon a w hite porcelain tile and th e d rops run together 
by ' liltm g the tde^. The play of colours is noted green or blu e 
b eing characteristic of bilirubin 

'Fouchet safest apphed_J.ojjnne T o a test tu be baff^ filled wfiji 
a gid 1 unnh (about 10 c c ) add half the volume (about 5_c c ) of 
10 p er cent barium chlond e 2 Mix and filte r Unfold the nap e r 
amPariread it on a nother dry fi lter paper Allow 1 d rop of F ouchet s 
1 — --j--' f aIl on to the i 


Fio 4 Focchets Test Applied to Urine, 

A Test negative Normal urine The bariu m prec ipitate was practically 
white, and the drop of reagent caused no colour change 

" B Test negative Urine contained u robilin , but no bilirubin The 
banum precipitate was ye llow brow n, but the treated spot did not develop 
any green or blue 

C Te st -positiv e Urine contained urobilin and bilirubin The banum 
precipitate was very pigmented, but the tr eated spot did not develop a 
correspondingly int ense blue 

D Test weakly positive Urine contained a little bilirubin The barium 
precipitate was pale yellow, and the treated spot was pale blue 

E Test more strongly po sitive than D Urine contained a little more 
bilirubin * ' 

F Test strongly positive The banumjirecipitate was de«* p yel low and 
the treated spot d eep green ’ 


{Tefattp Is 
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(blip crdin) or blue (c holecyani n) col our shows that bilirubm is 
present (see colour-plate Fig 4) , . _ r 

This test ig . more sensitive than the fi rst two. and is quite as 
delicate as the next 

*- Hunter’s Diazo Test (Canadian Med Assoc J , 1930, 23, 823) 
In a centrifu ge tu be place 1 0 c c of ting e , if it is not acid, it must 
be made slightly so with a cetic acid Add 4 c c of 10 per cent 
bariu m chlo ride, mix, and thark tbeupper level of the fl uid w ith a 
grease pencil. Centrifuge and decant completely Add distilled 
y, ater to the mark, mix thoroughly, centrifuge and decant completely 
again Stir the p recipitate wi t h 05 c c of Van den Bergh’s diazo 
rgagent (see p 262), by means of a ca pillary p ipette oFwTuclTTIie 
end has been s ealed in th e flam e Add 2 c c of alcohol (absolute 
or 96 per cent ) and 0 3 c c of G per cent Na»HPTS7’‘j 2H,0 Mix 
and centrifuge If bihrubm is present 
the supernatant fluid mil beared, due 
to the formation of azobilirabin 

Since this test depends on a diffeient 
pnnciple from the other three, it is 
valuable, and particularly in ca«es of 
doubt The quantities given must be 
closely adhered to, otherwise the senai 
tivitj of the test may be considerably 
reduced , this limits its use m every 
day work 

7 Urobilin and Urobilinogen 

*0 Spectroscopic Examination Acidify 
some of the jurne with hydrochloric 
acidand examine with the sp ectrosc ope 
If urobilin is, present, a characteristic 
a pTrapf.ion band will be seen at thejunc 
fiZrX rtlw green and biue_(see Pig 48 
facihgp~220) Normal urme shgws no absorption ban ds 
-xsrhlesinger's Test To about lo c c of urin e (2 in column) m 
nf| H 6 ~~droPS of tincture of iodin e. 1 w hich change s 
itrnfij Smge H jnto u robilin In another tube place about 10 c c of 
n^RoTute alcohol and abou t^l gm of pondered zinc acetat e, roughly 
a marked small tube (Fig 5) Po ur th e contents of 
ne tube into the^other, po ur th e mixture b ack mto the empty_tube 
nd repeat the process till the solid jzinc acetat e has mostlv gone 
a to solution Filter, and examme“the filtrate first direct ly by 
t ransmitted light , and se cond ly by reflected light with your b ack 
t th e window , or yicw_ .it f rom abo ve, loolang_ down the tube A 
^^“flT mrescence nTdue to a compound of zmcT with urobi lin 
^^^lurmes show rio appr eciable fl uorescen ce . Always confirm 
the presence of urobilm by examming the filtrate with the 
i The tmoture diluted with water as used above in testing for bilirubin, is 



ria 5 Marked tube fixed ib 
stopper for approximate 
measurement of powders 
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spectroscope for the charac teristic absorption band at the j unction 
oftho grogn and blue Ifthe urine contains much bilirubi n. as 
well is tK^jirobihn^ tho^ fluorescence may be maskedj but tho 
absorption baiyl of u robil in is clearly visible _on_]jpectroscopio 
examination x * 

Bogomolow’s Test Treat half a testtube full-Q f urin e with 
1 0 dro ps of 2Q per cent copper s ulphate Add 3 er 4 oc (Jm 
column) of chloroform, ploco the thujnb on the top of the tube 
and invert tfenjtimes without shakmg Allow the chl orofo rm to 
separate by landing, or, if tho emulsion will not break down readily, 
transfer tho chloroform layer with the aid of a capillary pip ette to 
another test tube or separate the layers by ce ntrifug ing Urobilin 
is present "!? t he chloroform bo coloured pink or yelJoav but its 
presence must bo confirmed by spectroscope examination Bil irub in 
m ay colour tho chloroform greenish yellow , but g ives no ab sorption 
band, though it may causo a ge neral ab sorpti on of the blue end of 
thcj pcctrum 

8 Indican 

Obcrmayer’s Test To about 5 c c (lui column) of urine 
in a test tube odd an equal volume of Obermayer s reagent and 
about 3 c c (J in column) of chloroform Mix by inverting 
repeatedly, the mouth of the tube being closed with the thumb 
If mdican is present the chloroform will becomo blue, due lotbe 
extraction of mdigo blue Tbo depth of blue gives a rough measure 
of the quantity of mdican present 

Obermayer s reagent is a 0 2 per cent solution of ferric chloride 
in concentrated hydrochloric acid The acid liberates indoxyZ from 
potassium indoxyl sulphate (mdican) , the indoxyl is oxidised and 
condensed to mdigo blue by the weak oxidising agent feme chloride 
Jaffa's Test Treat a 1 in column of urine with a rather larger 
volumtToF'concentrated hydrochloric acid and add 3 or 4 c c of 
chloroform (f in column) Mix thoroughly for fully a minute 
Allow the chloroform to settle and examine its colour If it be 
blue mdican is present Then add a single drop of 1 per cent 
potassium chlorate and mix thoroughly as before , the chlor oform 
layer maylfoxTBe c olour less, or of a deeper blue -- depending on the 
amount of mdican "Adel a second drop of the chlorate and mix 
well again A rough idea of the concentration of mdican may thus 
be obtained by noting the number of drops of potassium chlorate 
required to oxidise it tJirough tho stage of mdigo blue to a colourless 
compound If no blue be found at any stage mdican is absent 
With a mere trace of mdican mdigo blue is formed only in the 
first stage before the chlorate is added owing to oxidation by a 
trace of bypochlorous acid in the hydrochloric acid 

Note It is essential to add at l east an eq ual volume o f 
concentrated^ hydro chlor i c a cid to lib erate free indoxyl This is 
oxidised and condeiised to mdigo blue which is solublem chloroform 
If^the urine contains iodides the chloroform will be coloured reddish 
violet by the liberated iodine Bromides similarly are oxidised 
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to bromine — the chloroform turns yellow brown With excess of 
potassium chlorate, chlorine is formed in quantities sufficient to 
tinge the chloroform layer yellow Addition of a few drops of 
10 per cent sodium thiosulphate and shaking will decolorise iodine 
but will not alter indigo blue 

9 Chlorides 

To a | in column of unne add 10 drops of concentrated nitri c 
a cid a nd a \ in column of 3 per cent silver nitrate Normally, an 
abundant cu rdy pr ecipitate of silver chlonde a ppears atonce If 
the chlorides areaimmished the solution merely appears milky or 
opalescent 

Note Ifnitnc acid is not added , urates might be preci pitated, 
especially ifthe unne be am momac al If protein is present m the 
u nne i t will be precipitated by a small quantity of t he xutriuAcjd, 
but will be redissolved on addition ofan excess .. 

10 Microscopical Examination of Deposit 

Whenever proteinuria lias been found, the deposit *ob tamed by 
centrifuging the unne should mvanahly be examined under the 
microscope Mount a drop of the deposit under a cover slip, and 
look particularly for the following — 

Cells ( w b c , rb c , epithelial c ) 

Casts. (hyaline, gr anul ar, ep ithelial , blood, waxy) 

Qrystals (calciu m oxalat e earthy p hosphates, u nc -ac id and 

urates cystine, etc ) 

BlisceUaneous (par asite s, ova, mucus foreign bodies, etc ) 


CHAPTER III 

PROTEINS IN THE URINE: “ALBUMINURIA 


BOOKS. The student will find a full account of tests for protein in 
Clinical Methods by Hutchison and Hunter, and in the manuals of 
physiological chemistry, etc ,eg , Cole’s Practical Physiological Chemistry, 
Emerson’s Clinical Diagnosis, Hawk and Bergeim’s Practical Physiological 
Chemistry, etc The following is an attempt to simplify the usual accounts 
and to bring out the essential points of practical importance 

Proteins are pr ecipitated by the Baits of heavy metal s, by the 
so called “ alkaloidal reage nts,’ and by c oncentrated alcoho l 
Thej give certain^ colour reactions The gl obuli ns and albumins 
are coagulated bv hea t 

It is on the basis of these properties that clinical tests for proteins 
in the urine have been devised Thus, in Roberts’ tes t, magnesium 
sulphate, and in Spiggler s test, merc uric chlori de, are used as the 
protein precipitant? Phosph otungstic ac id, phospho molybdic ac id, 
metapliosphonc acid, and picric acid are examples of the so called 
alk aloidal reagents Numerous tests for protein in the urine are 
given in text books of physiological chemistry, but m clinical 
medicine only t wo or th ree of these are commonly used The 
student is advised to employ these commoner tests, and to learn 
by personal experience the difficulties of technique, and the 
interpretation of the results obtained 

quaijxative tests for proteins in urine 

(For practical instructions, see Chapter II ) 

Boiling and Acetic Acid Test The p rotei ns are coagulated by 
boiling Carbon dioxide is dnven off by the Jieat, and in some 
cases the resulting shift in the reaction of tho urine to the a lkalin e 
siute may ft? sm-iftwrerrA Ay fting* aftyu * a 

p hosphate s Therefore a cetic acid is always added to r edissol ge 
any p recipitated pho sphat es. 

"^strictly speaking the urine should always he made j ust acid to 
htmus before boiling This, however, is rarely done in clinical 
pork, nncTas a result erroneous conclusions are not uncommonly 
drawn “ If the re action to htmu s is taken as a routin e (see 
Chapter II) the possibihty of such errors is less likely to be forgotten 
If the urine is very alkalin e (and samples provided for testing fairly 
commonly are alkaline owing to the amrgjgm&cal d ecom position 
which takes place on standing), the b oiling may not bring down 
jlie protei n On addition of 1 or 2 drops of acetic acid the piotcm 
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may then bo coa gulate d This observation has often come as a 
surprise to the student What happens is_jthis Owing to the 
/■fac tion of the qlkal i in the untreated urine, accelerated by the heat , 
'-'i the p rotein is changed , to metaprotein. which is solubl e _i_n _alkali . 
and therefore is not coagulated ( Only a precijnlate of metaprotem 
ia_coagu]ated by heating ! When sufhcient acetic acid isaddpd to 
neutralise the alkaline urine the metaprotem is pr ecipit ated 
(metaprotein is insol uble in solutions of neut ral salt s) and js 
im media tely coa gulated by the heat It sometimes happens that 5 
the urine is so alkaline that the addition of even 5 to 10 drops of 
33 per cent acetic acid after boiling may ndt cause coagulation 
Specimens may be reported erroneously _ as p rotein free for this * 
aeiy leason 

Similarly, if the original urine is very acid the p rotein is chang ed 
into metaprotem, which is soluble mlacid » and is, therefor e, not 
c oagula ted InchmcaTwotKTTiowevei^ir is rare for the natural 
reaction to be so aci d as to cause the presence pfjprotem to be 
missed m this way, though of course it may be brought about by 
careless over acidification before heating 

Cole recommends the addition of b rom cresol , purple to the 
original unne, correcting the rea ction , if necessary, before heating, 
and again after heating by addition of acetic acid ti21_the colour 
becomes yellow (Brom cresol purple is purple m alkaline, yellow 
m acid solution ) 

The coagulum or precipitate ^obtained on boiling and the 
subsequent addition of acetic" acid, may be a lbumin , ps eudo 
gl pbuh jl, e u or l romd glnhuhn (“ nu cleopro tgin ’ ), or mucus Very 
rarely resi nous bodies mav be thus precipitated A discussion of 
-Ahe various proteins is given below 

( J ) The Sahcyl-sulphonic Acid Test Albumin, globulins, mucus, 

proteoses and Bence-Jone s* protein are ah precipitated b y r sahc yl- 
s ulph onic ( sulphosahcylic) acid This is a very suppl e and excellent 
t est' f or" proteins The only difficulty occurs in testing urines which 
are slightly o palesc ent This may be overcome by comparing the 
treated unne m one test tube with the untreated m another held 
by the side of the first 

Very occasionally the reagent precipitates ur n? qc id , this ig 
easily distinguished because it rediss olve3 on heating to about 
6 0° C Urine containing uroselectan (sodium halt of 5 iodo 
2 pyridone N acetic acid) gives a white crystalline precipitate (see 


& 


p 232) 

Exton employs 5 per cent, salicyl sulphomc acid m 20 per cent 
crystalline sodium sulphate instead of 25 per cent salicyl sulphomc 
acid He mixes equal parts of his reagent and of thi urine, and 
warms 

Heller’s Nitric Acid Test. This is performed as a ri ng tes t 
and is very delic ate, revealing the presence of 0 007 per cent of 
protein . or ev en 'less The protein is changed into metapr ote irTEy 
tbenitnc acid Metaprotcins are i nsoluble xn con centrated minera l 
acids In the writer’s experience this lest not uncommonly misleads 
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the student for one of the reasons given below The sahcyi stdphome 
acid test is recommended in preference ~ 

The w hite -precipitate formed on the addition of nitric a cid maj *- 
bo albminn, globulin, m ucus , pro teose s, urea nitra te, uric" aci d. * 
v/y resincrus bodies, uroselectan acid (see p 232), or even bile acids (in 
concentrated urines) TJnnary~pigments or chromogens are" oxidised 
by nitric acid to darker compounds, and when proteinuria is slight 
the white nng may be obscured by the da rk pi gments The 

* precipitation^)? ur^ a nitrate, of u nc ac id, and'brt me ac ids may be 
prevented by a pr eliminary dilu tion o f the urine , "e a , 1 in 3 with 
ph ysiological s-ilm e" Precipitates of urea nitrate and of unc acid 

dissolve on warming , but on so domg the rmg formation is 

• destroyed Similarly, p roteoses disappear on heati ng to re appean * 
on coohng On addmg urme containing uroselectan to the nitric 
acid, a white precipitat<Tfonffifat once, followed by a fairly vigorous 
reaction and solution of t lie - precipitate R esinous bo dies are soluble 
in al coho l, but care should be taken lest the vigorous reaction 
between alcohol and nitric acid leads to a min or explosion I Tins 
may be avoided by transferring to another test tube some of the 
turbid urme from the zone im media tely above_the nitric acid with 

a capillary pipette Alcohol or ether may then be added, when 
turbidity due to resins will disappear 

Note on the Neces sity of Filtering Cloudy Urines Theoretically, 
of course, the urine should a lways be filtered if not absolutely clear 
before testing for protein In practice, however, such filtration is 
often omitted A slight turbidity causes no difficulty unless 
proteinuria be very slight, using either the boiling and acetic acid 
test or the sahcyi sulphomc acid test with "comparison tube7 as 
suggested above Moreover m pathological work filtration is^ 
frequently useless to clear completely a turbid unne, such turbidity 
being due to b acte na It is often recommended that organisms be 

4 removed by shaking the urme with powdered "barium carbonat e and 
filtering, Or by making the urme alkaline with caustul-soda' till a 
precipitate of phosphates is formed and then fi lterin g In practice, 
though the turbidity is greatly reduced, it is frequently not entirely 
removed by the above procedures, even though fine filters are used 
The writer does not recommend these methods except in very 
exceptional cases of slight proteinuria, owing to their being so 
time consuming A marked turbidity must, of course, be removed 
by filtration 

THE QUANTITATIVE DETERMINATION OF PROTEIN 
# IN THE URINE 

(Tor technical details, see end of chapter ) 

(1) Estimation of Total Protein ^ 

The method used most commonly in clim Ca! ~ work~is that of 
Esbach The p roteins m a known v olume of urine arajgecinitated 
by picnc acid The precipitate is allowed to settle by gravity, and 
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the v olume it occupies at the end of twenty four hours is read p(F 
The Csbacfi tubes are calibrated by noting the volume occupied by 
the precipitate from protein solutions of known concentration unchTf 
similar conditions The method is a convenient one for clinical 
purposes, but is fax from accurate As a rough method for 
demonstrating gross changes in proteinuria it is serviceable, but 
the student should attach no significance to small changes, c g , 
an increase or decrease of 1 or 2 parts per 1,000 

A ufrech t’s method is the same in principle but is more convenient 
for laboratory purposes The protein precipitate is thrown“3own 
m a graduate d centrifug e tube, thus permitting a reading m a few 
minu tesTriat'eadof twenty four hours It is essential, however, to 
centnfuge for the prescribed time at the prescribed rate , otherwise 
hopelessly inaccurate results will be ob tamed 

Other methods involve g ravim etric (e g , Scherer s method), or 
ne phelom etric (eg, method of Folin and Denis) determinations 
Gravimetric methods are the most accurate but are tedious and 
arB not a pplicable to urrnes containing small amounts of p rotein 
Nephelometric methods are not really satisfactory owing to the 
uncertainty of obtaining similar states of aggregation of protein 
particles in unknown and standard For clinical work a senes of 
protein standards may be prepared as m Mestrezat’s method for 
estimation of protein in the cerebrospinal fluid (see Chapter XX) 
and the unknown compared with -these •" The~dol5ur of the urine 
may easily be compensated for by backing the 8tandard"with some 
of the untreated urrne The use of a comparator facilitates the 
procedure 

Kemdge utilises the same principle with a Bbght modification 
Peters and VaU Slyke conclude that a micro-Kjeldahl determination 
of the nitrogen of the protein after separation and washing free 
from— non protein nitrogenous substances, IS' only slightly less 
accurate than gravimetric estimation but this is too time consuming 
for routine work, so the reader is referred to the ‘authorities quoted 
Hiller, McIntosh and V an Slyke h ave published a useful c olorimetric 
m etho d depending on the biuret reactio n, a modification of vTilcIi 
is"3escnbed at the end of this chapter 


(2) The Differential Estimation of Proteijis Albumin-GIobuhn Ratio 

The proteins are separated into different fractions, and the 
protein in each fraction is estimated For separating mucus an 
excess of acetic acid may be used fin the col d) Gl obulin s may bo 
fhrown out by saturation with magnesium sulphat e, by half 
saturation with a mmonium ^sulphate, or by__ 22 pe r cent sodium 
sulphate (Howe) 

In 1S90 Noel Paton separated the proteins m urine until the 
aid of magnesium sulphate He first estimated the total .protein 
(albumin plus globulin (plus mucus) ) in the original urine, and then 
threw out the gl obul in (plus mucus) with magnesiu m-sulphat e and 
estimated the albumin m the filtrate , he used Esbach’s method 
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for estimating the protein in the two fractions Recently the 
differential estimation of proteins m urine has agam been studied, 
but usually no effort has been made to separate mucus from the 
globulins Thus Hiller, McIntosh and Van Slyke perform the 
separation with sodium sulphate and estimate the protein in the 
fractions colorimetrically (biuret method — see end of chapter) 
These authors have published an interesting senes of results in 

nephritis In nephrosis they find the quotient ^ high, generally above 

10 , in acute nephritis g was between 5 and 10 , in chronic nephritis 

mostly below 5 , and m renal amyloid disease it was the lowest of 
all (0 5 to 5 0) owing to the high output of globulin These quotients 
or “ ratios ” are the averages of estimations made over a period of 
scveial daj a The vanation of the ratio from day to day is fairly 
large, and a single test on one day only is of little or no value 
A 

For this reason q determinations are of very limited use clinically 

THE TERM “ALBUMINURIA 1 * 

In theory the term “ albuminuria ” as used m clinical medicine 
indicates the p resence of plasma album in, pl asma globulin , or both , 
i n the urine As a rule no attempt is made to differentiate bet ween 
albumin and globulin the significance of the two in general being 
the same In practice however, “ albuminuria ” generally 
means that tests for proteins m the urine have been positive 
“ Albuminuria,” therefore, really means that one or more of the 
following proteins is present, viz , albumin, globulin, hggnoglobin, 
or mucus and “ Proteinuria ” would' therefore be a b elter term 
Proteoses will not be included owing to the fact that they disappear 
o n heating t o reappear on cooling 

The student cannot be reminded too often that there are many 
causes of ' alb umin uria ” m addition to nephritis 

THE URINARY PROTEINS 

Normal urine contains no proteins apart from a minute trace of 
mucus (see below), which is" not 'enough to give a positive reaction 
with the routme qualitative tests 

The different proteins which may appear in the unne under 
pathological conditions include - — 

Plasma albumin 

Plasma globulin (pseudo globulin, and eji globulin or hpqid- 
gl obulin (" nucleoprotem ”) ) 

Haemoglobin and methsemoglobm (see Chapter X) 

Mucus 

Fibrin 

Proteoses, and Bence Jones’ protein 
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For details of the properties of each of these proteins the reader v 
is referred to standard works on physiological chemistry Here 
only those characters utilised in their detection and separation in 
clinical medicine will be noted 

Kecent work (Svedberg and others) on the determination of the 
molecular weights ig o£j flterest however, because Bayhss, Kerndge 
and Russell have suggested that the healthy kidney is permeable 
only to proteins with a molecular weight below about 08,000, and 
that excretion is governed by the size of the molecules, and 13 
uninfluenced by whether the protein is “ foreign ” to the body or not 


Proteins which are excreted 

Molecular 

weight 

Proteins which are not excreted 

Molecular 

weight 

Gelatin 

35,000 

Hiemoglobm 

08,000 

Egg albumin 

34 500 

Serum albumm 

67,500* 

Bence Jones’ 

35,500 

Serum globulin 

103,800 

Haemoglobin 

08,000 

Casein 

188,000 



Edestin 

208 000 



Haemocyamn (Helix) 

5,000,000 


* Over 70 000 hy osmotic pressure methods 


TTapmo plohin-is- .pear the border line, a nd is pe culiar to that it is only excrete d 
when i ts concentration m the plasmaexceeda a certalSSam g 

® Plasma albumin is soluble m distilled water andjs pr ecipitated 
by co mplete saturation with ammonium sulphate P seudo globuli n •, 
is soluble" but eu globulin is insoluble in distill ed yvat^r Both 
globufins are preci pitate d from solution by half, sat uration witji 
a mmonium sulphat e, or by fuU sat uration with magnesium sulphate 
Haemoglobin is 'd ecom p osed and coag ulated by heat . It is 
usually confined within the red blood corpuscles m "the urmq, 

(“ haematuria ”) Less commonly it is free_m solution (“ hjjemo 
globmuria ”) In hsematuna it is only necessary to separate the 
red blood corpuscles by centrifuging in order to remove the 
haemoglobin (most filter papers allow some red cells to go through) 

It is probable that true nucleoprotems are only very rarely passed 
in appreciable quantities in the urine The term “nucleo 
proteinuria ” in clinical medicine generally signifies that proteins 
are present which are pre cipitated by a cetic acid in the cold In 
most cases, without doubt, the chief protein pr ecipitate d by acetic 
acid i n the cold is mucus Cmucm ) Mucus often occurs in normal 
ur ine in . minute trace s and often separates as a cloud on standing''*' 
In’alfcatarrhal conditions of the urinary passages, antfpafticularlj 
of the bladder or p rosta te, mucus may appear m the urine in varying 
amounts (usually small) It must not be forgotten that in females 
mucus not infrequently gams access to the urine from the vagina 
In males proteinuria may sometimes he due partially or entirely 
to admixture tuth semen The detection of spermatozoa in the 
microscopical examination of the deposit will lead to the rejection 
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of tho particular specimen for test purposes 1 Mucus is insoluble 
in an t&ccss_ oface tic_acid > whereas lipoid globulin, which is also 
precipitated by acetic acid in the .cold, is soluble in an excess of 
tho reagent It is generally held in medicine that proteins 
precipitated by acetic acid in tho cold are of little or no import 
That is why it is necessary to be able to recognise and separate 
them Stich proteins are commonly found m the intermittent 
proteinurias of childhood and adolescence, and occasionally in the 
later stages of a nephritis which is clearing up Lipoid-globulin 
is most likely to bo met with in c hrome parenchymatous nephrit is 
(“ nephrosis ’ ’) at a stage when there Is marked hypercholesterolaim ia. 
Fibrinuria occurs when there is much blood in the urine so that 
clotting takes place It is a rare symptom in papiUoma_of the 
bladder, sometimes follows tho administration of canthandes, and 
may be found in chyluria (p 284) The fibrin is easily removed 
by centrifuging or by filtration Proteoses and Bence Jones' 
protein are p recipitated below 60° C , but disappear on boding 
Theypmy, therefore, be separated from other proteins by coa gulat ion 
at C0° C and filtration In Bence Jones’ proteinuria the urine 
becomes turbid at 40° to 50° C , the precipitate floc culat ing at 
6 0° C or below “ Albu min ” starts to come down at about 70° C 
and floc culat es at 80° to 100° C , depending on its concentration 
Proteoses 2 may appear in the unne w hen absorption of partially 
digested pus is proceeding somewhere in the body, and during 
involution of the puerperal uterus They usually are found m traces 
only, are often transient, and generally are of little or no clinical 
* significance Bence-Jones’ proteinuria on the other hand, though 
uncommon, is important, becajuse it is practically diagnostic of 
multiple myelomatosis of the bone marrow, though it has Been 
described in other diseases of the marrow (For technique* of 
recognition, see end of chapter ) Indeed, its discoveiy in the 
* urine may be essential to establish the diagnosis because not 
uncommonly radiograms give no hint of the marrow changes At 
one time Bence Jones’ protein was regarded as an albumoso 
(proteose), but is now considered to bo more closely allied to the 
globulins The protein contams all the ammo acids found m other 
typical proteins, but is relatively neh_m those oi the aromatic 
senes (Hopkins and Savoiy) It is probable that there is more 
than one type judging from immunological (Bayne Jones and 
Wilson) and physico chemical properties (Hewitt), but the term 
.Bence Jones’ protein can fairly be retamed for a quite distinct 
group of closely allied proteins A little amoiphous protein may 
be deposited m some urines kept for a day or two, and on a few 
occasions the protein has been crystalline m the form of spherical 
clusters of needles It is generally believed that it origmates from 

1 The proteins of semen are reported to include albu min a nucleoprotoin 
mucin and an albumose like substance (Marshall) The last la probably a protamine 
(see Rosenheim) , , 

* There is no evidence that the so called proteose separated by acid and 
ether from the unne in asthma and other allergic conditions is a proteose at all 
and it is unfortunate that it was so labelled 
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the bone marrow, though it has not always been recovered from that 
site post mortem The amount excreted is often relatively large 
(3 to 70 gm per diem), though probably this depends to some extent 
on the stage at which the subject first comes under observation 
The daily excretion may be veiy steady in a given individual for a 
period of months, and generally is not significantly altered by 
variations in the dietary protein, not even by short periods of starva 
tion For further particulars the reader is referred to Rosenhloom’s 
review and to Peters and Van Sly he’s book 

Contaminating Proteins. It is important to obtain specimens of 
unne with the aid of a catheter in any case of obscure proteinuria, 
to exclude the deliberate addition of protein to the urine, or 
contammation by seme n or by discharges f rom the vagina or r ectum. 
Such contammation may often be suspected from the microscopical 
examination of tho centrifuged deposit (see Chapter IV) In 
the case of males the use of the catheter may often be avoided by 
making tho patient pass unne in the presence of the doctor 

So-called Peptonuna Every now and then when urine is added 
to Fehling s or Benedict’s reagents m the test for “ sugar,” it is 
observed that the m ixture in the cold has a deeper blue , or purpli sh 
cplon r. t hanj th e ongrnal c opper reage nt This is often duo to th e 
pr esenc e of proteins in the unne giving a biuret reactio n But a 
similar colour 'change vas observed in. the absence of 'proteinuria 
over fifty years ago (e g , Ralfe, 1883), and was ascribed to the 
presence of pe ptone s , vhen the unne is superimposed carefully on 
the reagent, a reddish purple or rose coloured ring is observed 
Godfned has recently studied this phenomenon, and has shown 
that it is due neither to peptones nor to u rolnlm (another suggestion), 
but to a pigment of the urochrome group, or something associated 
with urochrome The point is oFTnterest Because the practitioner 
must come across it sooner or later m his routine urinary 
examinations, but so far as the writer knows it has no clinical 
significance 

CHEMICAL TESTS IN INTERMITTENT PROTEINURIA 

I ntermittent proteinuria is commonly met with in life ins uran ce 
workj and m the routine examination of unne. and particularly m 
adolesce nts Proteinuria following scarlatina , is not uncommonly 
intermittent (Russell) It may or may, n ot' be styjotl j. p ostura l in 
type, t e , it may n ever npn earJwhi Lst -t he individual is in the 
horizontal positio n, but only ^whilst the er ect a ttitude is adop ted 
In tills connection it is importanjt_to make jure that the mtienf 
empires the Bladder one or t wo hour s after retiring, otherwise the 
early mommg"urine may contain p rotein which was excreted and 
collected in the bladder before gomgto^bed Ijiorder_to_8how 
that thejproteinun a is pos t ural in type Ttlie urmeshould bo collected 
first thuig~ lust before rising again som e two o r three-hours after 
gettmgup, and if desired a 'third or fourth specimen may be obtained 
later m the day In typically postural cases the first specimen 
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should bo free from protein, whilst the second will always contain 
“ albumin ” The third and fourth Bamples may or may not contain 
protein In some cases the protein disappears after the patient 
has been up for several hours Later m the day it may reappear 
On account of this observation, objection lias been made to the term 
“ postura l,” and the word “ cyclic ” has been substituted Other 
names'thnt have been suggested are “ o rthostat ic.” “ l ordotic. ” 
“ fu nctional ,” “ alb uminuria of adolescenc e.” etc In the absence 
of any clinical signs of organic disease, the demonstration that the 
p roteinuria is_posturaI is of itself suggestive that the proteinuria 
i s of no significance 

But of greater importance is tho e xamina tion of the centri- 
fuged de nosit ... (see Chapter IV) Normally there should beT~at 
the most only some f ive to ten len r-onvfra on the whole sli de, and 
an occ asional epithelial cell Sguamous epithehal cells are of no 
Signi ficanc e, being derived from the akin or vagi nal muco us 
mcftibranc Red blood corpuscles are abnorm al, but their source 
of origin should be decided, eg" contamination by menstrual flow, 
liromorrhagc from piles, etc The single finding of an isolated 
hyaline cast may be ignored, but as a general rule it is wise to 
regard the presence of c asts* as pathologica l If, therefore, c ells o r 
casts a re found persistently in a case of int ermitten t pr oteinur ia, 
it is unwiseTcr regard the “ albuminuria ” as of no significance, 
t^pugh p rolonge d o bserva tion and repeated exammation may 
occasionally justify such a view On the other hand, if there be 
no casts or cells, (several examinations), it is generally ' safe to 
disregard the proteinuria. A not uncommon cause of int ermitte nt 
proteinuria m men is contamination of the urine by semen'* 

Many of those individuals with inte rmitt ent protemuna whose 
urinary deposits contain a f ew leucocy tes and c asts s how no clinical 
signs of disease and live to a ripe old age ~MacLean found that of 
the urines of 50,000 healthy soldiers, 0 84 per cent contamed 
definite epithehal casts and 1 03 per cent contamed the hyaline 
variety only This does not imply, however, that it is safe to 
disregard the presence of epithehal casts m any one individual 
ease Jt as probably wiser to regard such a case as abnormal till 
repeated examination and prolonged observation have proved the 
contrary It is reasonable to adopt the attitude that these patients 
have very mild organic lesions, and that most of them will recover 
spontaneously without any treatment One might place the 
condition on a par with the common cold It is very unlikely, 
though always possible, that the condition of the particular 
individual under exammation will progress and become serious 
In this sense the insurance companies are justified in deferring a 
case until the unne becomes free from cells and casts 

It is often of interest and occasionally of value, to determine 
the nature of the protein or protems excreted in intermittent 
‘ albuminuria ” Sometimes_ all the jprotejn, is pre cipitat ed by 
a cetic acid m the co ld, but more commonly there is a mixture of 
protems including ~~ t rue album in Because of these varying 
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proportions, from a purely practical pomt of view, the differential 
estimation of the proteins does not help the clinician The ratio 
of albumin to glo bulin is inconstant and of little or no value (see 
also p~26) 

Renal function tests are very occasionally of value in excluding 
gross organic lesions, but in the vast bulk of cases of intermittent 
proteinuria such tests yield “ normal ” results (Hamson) That 
does not mean, of course, that the kidneys are necessarily healthy 
(see Chapter V) 

THE CLINICAL CONDITIONS IN WHICH PROTEINURIA OCCURS 

Proteinuria may be one of many clinical signs or may be the 
onl^evidence of any abnormality in a subject otherwise normal 
It is, oT**C5ur3e, simply a matter of words, or of personal choice, 
whether it be stated that normal jirine contains no protein other 
than a trace of mucus, or whether it be stated that the urine of 
some healthy individuals contains protein which is of no clinical 
importance Some cases of glyc osuri a provide an exact parallel , 
thus, glycosuria due to true renal glycosuria is of no moment, but 
until it has been shown conclusively that the condition is renal 
gl ycosu ria, the urinary finding may he of serious import Similarly 
the medical officer musk jremember that every case of proteinuria 
needs investigation before he can be satisfied that it is immaterial 
The subject has been discussed under “ Chemical Tests in Inter 
mittent Proteinuria ’ 

When there are clinical signs or symptoms in addition to 
proteinuria, the significance of the pr otei nuria-must be determined 
in the light of such findings, and upon the conclusions drawn" from 
the whole of the evidence will be inferred what is the probable 
cause of the proteinuria, and acc ordingl y its couree may be predicted 

The compilation of a huge~list of all p ossible diseases and 
conditions m which proteinuria may occur woultTclearly be of httle 
or no value, but it is necessary to have some Bort of order in thinking 
of the possible causes and cluneal conditions when the qu alitat ive 
tg£is_for .T FPte u) in tlje uri ne have been found to be p ositiv e The 
writer's practice is to think in anatomical sequence from the extenor 
inwards, from possible contamination to lesions of the gemto 
unnary tract in ascending order, and, finally, to the blood and oTher 
sources from which the blood may carry protein to the kidneys 
It is obvious that the responsible lesions may bejutuated m more 
than one anatomical site, as when both iirethrt l and pro stafe are 
involved in gonorrhee#, or when both _ bl adde r and ki dneys are 
diseased in tuberculosis, and so on but the anatomical sequence is 
convenient The subject will be dealt with in that order now, a 
_few practical points being inserted here and there under the different 
headings 

Contamination as the cause of proteinuria has already been 
considered 

Diseases of the Externa! Genitalia or of the Urethra The 
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venerea] diseases, non specific urethritis, trauma of the urethra, 
externally or by calculus or gravel, and so on the heading is 
sufficient 

Diseases of the Bladder or Prostate Cystitis, tuberculosis, 
vesical calculi and growths, etc Enlargement of" the pros'tate and 
its causes As mentioned above, an excess of mucus in the urine 
is most commonly due to lesions in this region, and the microscopical 
examination of the urinary deposit is indispensable In chyluna 
the obstructed lymphatic ruptures into the bladder or renal pelvis 

Diseases of an ureter or ureters are uncommon causes of 
proteinuria, the most frequent among them being stone 

Diseases of a kidney or kidneys are generally the first to be 
considered, and sometimes, unfortunately, are thought of as the 
only cause of proteinuria The renal lesions may be classified upder 
two headings (a) kidney diseases proper , (6) secondary disorders 
of kidneys 

Kidney Diseases Proper. Trauma, n ephrit is, tuberculosis, stone, 
tur pour, and so on The concentration of pr otein in advanced 
chronic nephritis may be very small and its detection important , 
in nephrosis, as a rule, it is high 

Secondary Disorders of Kidneys Under this heading are 
mcluded vasomotor and circulatory disturbances m the kidneys 
themselves Thus “ intermittent or benign proteinuria ” may he 
classified here but has been considered in a separate section above, 
and also ‘ proteinuria m pregnancy, ” many examples of which arc 
clue to co ngest ion of the kidneys from pressure by the gravid uterus 
(see later) Congestion due to a vailing heart is in the same category , 
likewise the circulatory effects m diabetic coma Protemuna due to 
surgical shock or to cold batlis in certain subjects, comes here too 
Febrile proteinuria is more difficult to place accurately In fevers 
there is undoubtedly a complicating nephritis in a proportion of 
cases and this would of course be classed as “ kidney disease 
proper ” But in a much larger proportion of cases the proteinuria 
is transient and unaccompanied by any clinical signs of renal 
mvolvement , some at least of these proteinurias may be regarded 
as due to renal congestion In a small proportion of cases, and after 
scarlet fever m particular, it may be difficult to assess the significance 
of the protemuna which m some mstances persists for years , 
possiblv some of these were present before the fever (see also under 
“ Intermittent Protemuna ’ ) Though febrile protemuna is often 
classified together with albuminuna due to poisoning by chemicals, 
under the heading of “ toxic. ” it seems more logical to separate the 
chemical poisons and to regard their actionals definitely productive 
of renal damage Experimentally there is clear cut evidence of 
this and clinically the testing of the urine for protein before and 
after administration is a practical and useful means of detecting 
damage to the kidneys by such drugs as the orgamc argemcajs , 
mercury, antimony, etc , and such protemuna is an indication for 
cessation of treatment In mdustnal or in deliberate poisoning 
(arsenic lead, mercury, etc) the protemuna may be significant, 
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as when accompanied by clinical signs of kidney damage, or of 
uncertain import if there are no such signs, and the urrne w as not 
known to be free from protein before exposure to the risk 

It is generally accepted that ingested proteins are invariably 
digested and absorbed only as ammo acids, and there is no 
unequivocal evidence that protein by the mouth, lion ever large 
the amount has any influence on the excretion of protein in the 
urine of man 

S trenuous muscular activity is well recognised as causing or 
increasing proteinuria intermittently, as in soldiers, athletes, 
members of roving crews, etc , but does bo only m the minority 
Renal congestion may be the explanation, but clearly it is necessary 
that each case be carefully examined to exclude other and serious 
causes 

This brings us to the practical point of what evidence should be 
secured before labelling proteinuria “ benign ” Havmg made a 
thorough clinical examination, and havmg excluded contamination, 
the fact that the proteinuria is intermittent itself is a strong point 
in favour of its insignificance, though it has been found that 
proteinuria may become intermittent m the last stage of a nephritis 
which is clearing up, particularly after scarlet fever If it is clearly 
influenced by posture, that again makes an orgamc lesion unlikely 
An examination of the centrifuged deposit should always be made , 
all samples containing protein should be so inspected (see Chapter 
IV) An occasional, le ucocyte, epithelial c ell, hya line cast or 
cy hndroid mav be d isreg arded but red cells an d all, other casts 
sh ould raise the suspicion of t he present nf org anic lesion , 
untir repeated and prolonged observations have justified the 
conclusion that they are immaterial If it can be shown that the 
protein is mucus it is not likely to be of importance, but otherwise 
a study of the nature of the proteins is seldom of practical assistance 
Renal efficiency tests (see Chapter V) are of value to exclude gross 
lesions, but normal findings with these tests by no means mdicate 
that the kidneys are healthy One or more should be carried out 
as a safeguard, but the decision as to whether the proteinuria is 
benign or indicates a mild orgamc lesion depends on the other 
evidence considered above 

Proteinuria m pregnancy is very common, and its significance 
m a particular case often of moment in practice It has long been 
recognised that m the great majority of pregnant protemuncs the 
positive urinary test is of no importance, and is ascribed to congestion- 
of the kidney s due to the pressure of the gravid uterus on the renal 
vessels With the modem practice of repeated urinary examinations 
throughout pregnancy, it has become much easier to assess the 
significance of the proteinuria , any sudden increase just before 
term, for instance, and any change in the urinary deposit being 
revealed 

For a satisfactory study, especially in the last month or so, it is 
^essential to avoid contamination by vaginal discharge by careful 
cleansing before micturition , catheterisation may be required, but 
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is usually unnecessary for purely chemical and cytological examina- 
tions, and there is no point in running any unnecessary risk of 
infection 

The chief aims of the tests for protein are the detection of 
nephritis or other organic renal lesion man oman who has become 
pregnant, and to obtain naming of the onset of pregnancy toxaimia, 
and especially of eclampsia 

Proteinuria without Lesions of the Urinary Tract Under this 
heading are included the excretion of foreign proteins introduced 
by injection, proteosuria, Bence-Jones’ proteinuria, and so called 
peptonuria All ha\e been dealt with in previous sections 

TECHNICAL 

Esbach’s Method for Total Proteins in Urine 

Take a clean, dry Esbach tube (see Fig 6) Run m urine exactly 
up to the mark U Add Esbach’s reagent up to the mark R Close 
the mouth of the tube with the rubber bung invert to mix, and set 
aside undisturbed for twenty four hours so that the precipitate 
may settle by gravity 

The following points must be observed — 

(а) If the urrne is alkaline make it acid with 33 per cent acetic 
acid 

(б) Measure the specific gravity of the urrne with a urmometer 
If the specific gravity exceeds 1010, dilute the urine with one or 
more volumes of water, making the necessary correction of the 
reading obtained next day to allow for the dilution Thus if the 
specific gravity is 1016, to 5 c c of urine add 5 c c of distilled water, 
mix, and run in the mixture up to the mark U, and add the reagent 
up to the mark R Next day note the reading, which multiply by 2 
This dilution is necessary because the protein precipitate will not 
settle properly if the specific gravity exceeds 1010 

(c) The markings on the tube represent grammes of dry protein 
per litre of urine 

(d) The method is of little or no value if the protein is less than 
0 05 per cent 


Aufrecht’s Method for Total Proteins 
Take a clean dry Aufrecht tube (see Fig 6) and run in urine to 
■the mark U and Aufrecht’s reagent to the mark R Close the mouth 
of the tube with the thumb invert to mix, and return any fluid 
adhering to the thumb by drawing it across the mouth of the tube 
Place the tube in the centrifuge, and throw down the precipitate 
by centrifuging for two min utes at 5 000 revolutions per mmute, 
or for two and a half minutes at 3,000 r p m , or for three minutes 
at 2 000 to 2 500 r p m Note the reading at the upper surface of 
the protein precipitate 

Notes (a) The time prescribed for centrifuging must be strictly 
adhered to otherwise serious errors will result 
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(6) If alkaline, the urine should be made just acid with acetic 
acid 

(c) Dilution of the urine is unnecessary whatever the specific 
gravity may be 

(d) The results are expressed on the tube directly in percentages, 
i e , in grammes of dry protein per 100 c c of urine 

(e) The method is of little or no value for quantities of protein 
less than 0 1 per cent 

(/) The method can obviously be only approximate Unfor- 


u 



E6BACH 

Fiq 6 Eabach s and Aufrecht a tubes 


tunately the calibration of the tubes on Bale is even worse than that 
of Esbach’s tubes, the chief error being m the calibration of the 
terminal tapered part, so that two Aufrecht’s tubes may give 
absurdly different results, particularly when the protein is less than 
0 1 per cent The calibrations may he checked in tho laboratory 
by precipitating different dilutions (in physiological saline) of normal 
blood plasma of which the protein content has been accurately 
determined by another method 

Colorimetric Biuret Method for Total Proteins, Albumin and 
Globulin 

The biuret method of estimating proteins has been known for 
many years [cf Biegler,* Autenneth), and has been revived by 
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Hiller Pure biuret v. rb used as standard by Hiller, Molntosh and 
Van Slyke, and suitably diluted serum protein by Fine In the 
technique described below the permanent coloured glasses of 
Messrs The Tintometer Ltd have been utilised instead as 
standards, and these with the Lovibond comparator 1 (Fig 7 ) 
have made the method simple and suitable for routine cluneal 
investigations 

Principle The proteins are precipitated trichloracetic acid 
The precipitate is dissolved in caustic soda solution and copper 
sulphate is added The resulting purple solution is centrifuged to 
throw down the suspended copper hjdroxide after which it is 
matched against the glass standards and the result noted 

111 the differential estimations, tho globulins are precipitated by 
half saturation with ammonium sulphate, and the albumin 13 
estimated in the filtrate by the biuret technique , mucus if present, 
is precipitated with the globulins Howe’s method of fractionation 
with 22 per cent sodium sulphate maj be used instead of the 
ammonium sulphate, but it is more tedious, and so is not described 
below [cf Remarks) 

The gla^s standards were prepared bj matching m the Lovibond 
comparator a senes of solutions of known protein content which 
had been prepared from normal human serum and treated bj the 
same biuret technique The protein content of the diluted serum 
was estimated bj the Kjeldahl method, due allowance being made 
for tho non protein nitrogen 



Fig 7 The Lovibond comparator (See also Fig 5’ p 296 ) 

i The apparatus and reagents may be obtained from Messrs The Tintometer 
Ltd , Milford Salisbury or from Messrs The British Drug Houses Ltd London 
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Reagents and Centrifuge Tubes 10 per cent tnchloracetic acid 
solution 

Thirty per cent sodium hydroxide solution 
Five per cent copper sulphate solution , 6 gm of crystalline 
CuS0 1 5H 2 0 in -water to 100 c c 

Saturated ammonium sulphate solution , 52 8 gm of A B 
quality (NH 4 ) 2 S0 4 in water to 100 c c If necessary warm slightly 
to dissolve, and make up to volume at room temperature 

Graduated centrifuge tubes preferably should be tapered and of 
about 15 c c total capacity, graduated from 1 to 10 c c m steps of 
at least 0 5 c c Though not so satisfactory it is possible to work 
with non graduated tubes, the volume of each reagent added being 
accurately measured so that the total volume is as prescribed 

Technique* for Total Proteins m Urine Take the reaction to 
litmus paper , if acid neutral or very slightly alkaline do not 
modify it, but if markedly alkaline (e g , due to gross bacterial 
decomposition) add glacial acetic acid drop by drop to some 20 to 
50 c c unne till the reaction is neutral or slightly acid (this method 
introduces a negligible dilution as a rule , in exceptional cases a 
fresh specimen must be substituted, or the dilution must be done 
quantitatively) 

Mix in a graduated centrifuge tube — 

Unne 5 c c 

10 per cent trichloracetic acid 5 „ 

alioij' to stand for a few minute a until the precipitate clumps 
Centnfuge thoroughly and decant the supernatant fluid as com 
pletely as possible, by inverting the tube carefully and wiping the 
mouth with filter paper 

Add to the precipitate 1 or 2 c c of water and 1 c c of 30 per 
cent NaOH , shake till the protein has dissolved 

Add 1 c c of 5 per cent crystalline copper sulphate solution 
and water to exactly 10 cc Mix thoroughly for at least one 
minute and centrifuge well until all the precipitate of cuprous 
hydroxide has been thrown down 

Transfer the clear supernatant fluid to a comparator tube which 
place in the right hand recess of the comparator Match against 
the first disc (20 to 180 mgm in steps of 20 mgm per 100 c c ) 
and note the result If the unknown exceeds 180 mgm substitute 
the second disc (200 to 360 mgm ) If the unknown is above 360 
repeat the test from the beginning using less unne, read, and multiply 
by the appropnate factor Thus if 2 c c of unne, w ith 2 c c of 
tnchloracetic acid, be employed, multiply by 2 5 

Differential Estimation of Unnary Proteins The unne must 
first be made slightly alkaline to litmus, eg , by adjustment of a 
relatively large bulk 'with glacial acetic or 30 to 40 per cent NaOH 
respectively The correct reaction is pH 7 4 and this may be 
secured with addition of acid or alkali and phenol red by means of 
a Lovibond comparator and appropnate pH disc (c/ p 295), but 
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w ltli a little experience litmus paper may be employed instead and 
satisfactorily 

Mix m a boiling tube or flask 10 c c of the adjusted urine and 
10 e c of saturated ammonium sulphate (52 8 per cent ) Allow to 
stand till the precipitate of globulin (plus mucus, if present), 
flocculates, and filter 

Mix in a graduated centrifuge tube 5 c c of filtrate and 5 c c 
of 10 per cent trichloracetic acid, centrifuge and decant completely 
Add another 6 c c of filtrate and 5 c c of the acid centrifuge and 
decant completely Treat the combined precipitate (which is 
derived from 6 c c of urine) with NaOH and CuS0 4 as described 
under " Total Proteins " The reading gives directly the mgm of 
albumin per 100 o c 

Calculate the globulin (or globulm plus mucus) -by difference, 
total protein— albumin 

The above technique will be found satisfactory in the majority 
of cases, but clearly the details may be modified to suit special 
circumstances or conditions Thus if a big centrifuge and tube is 
available 10 c c of filtrate may be treated with 10 c c, of trichloracetic 
acid in one Btage , if the total protein is high less than or if the 
proportion of albumm is low, more than 10 c c of filtrate may be 
better, in uhich case the appropriate calculating factors must be 
introduced 

Remarks It is important that the reagents do not become 
contaminated by ammonia absorbed from the laboratory atmosphere 
If they do the final colour will be too blue and too high results will 
be obtained This is easily checked by puttmg up a blank .from 
time to time usmg water mstead of urine The blank of course 
should be colourless 

Moreover in the differential estimation it is essential that after 
precipitation with trichloracetic acid the supernatant fluid shall be 
decanted as completely as possible , otherwise sufficient ammonium 
sulphate is left behind to yield on the subsequent addition of NaOH 
enough ammoma to keep some of the cuprous hydroxide m solution 
It has been shown by experiment that if the decantation is carefully 
done only a very slight plus error is introduced This can be 
avoided by usmg sodium sulphate mstead but as noted under 
' Principle this is more tedious 

Detection and Separation of Albumin, Globulins and Mucus 

I Proteins Precipitated by Acetic Acid in the Cold To about 
5 c c (1 in column) of unne in a test tube add about 5 c c of distilled 
water and mix 

Place half of the mixture in a second tube and leave it untreated 
for comparison To the first tube add 33 per cent acetic acid 
carefully drop by drop till the maximum opalescence has been 
obtained The cloudiness may be due to mucus or hpoid globulin 
or both The water is added to prevent deposition of uric acid on 
acidification 

Continue the addition of acetic acid and note whether the 
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opalescence is reduced or remains unaltered Mucus is insoluble, 
lipoid globulin is soluble in excess of acetic acid 

The test may be rendered more satisfactory as follows — • 

Place 10 c c of urine in each of three 25 c c. measuring cylinders, 
A, B and C To A add 10 c c of distilled water (non acidified 
urine) To B add about 8 c c of water, 33 per cent acetic acid 
drop by drop till maximum opalescence is obtamed, and, finally, 
water to 20 c c (mucus plus lipoid globulin precipitated) To C 
add 6 cc of water and 5 cc of 33 per cent acetic acid (mucus 
precipitated) Compare the opacity of C with B, and of both C 
and B with the non acidified urine A If C and B are equally cloudy 
the protein precipitated by acetic acid is all mucus If B is more 
opalescent than C, there is a mixture of the two protems If B is 
opalescent, but C is clear, hpoid globulin, but no mucus, is present 
In the writer 8 experience the protein precipitated by acetic 
acid in the cold is much more often mucus than hpoid globulin, 
but mixtures are not uncommon 

II Roberts’ Test for Lipoid-globulin ( Eu-globulin ) Nearly fill 
a vessel (eg , a measuring cylinder or boiling tube) with distilled 
w ater, and add the unne drop by drop If hpoid globulin is present 
m any quantity, around each drop a milky haze is formed When 
a fair amount of urine has been added the liquid becomes turbid 
The turbidity disappears at once on very slight acidification with 
acetic acid This can bo demonstrated strikingly by pouring half 
of the turbid fluid mto a second tube, and adding a single drop of 
33 per cent acetic acid to one of the tubes Mucus is not likely to 
be precipitated by distilled water, and in any case is insoluble m 
acetic acid Pseudo globulin is not precipitated 

It is wise alwajs to perform Roberts’ test after examining for 
protems precipitated by acetic acid m the cold by I, since hpoid 
globulin redissolves in the sbghtest excess of acetic acid On the 
other hand, if the acidification m I is carefully done, traces of 
hpoid globulin may be detected which are not revealed by Roberts’ 
test 

III Separation of Albumin, Globulin and Mucus If necessary, 
the urrne is centrifuged to remove red blood corpuscles, etc 

If mucus is absent (see under I) proceed as follows — 

Make about 15 c c of unne slightly alkaline with concentrated 
ammonia solution, stand for a few minutes and filter off phosphates 
To 10 c c of filtrate add 10 c c of saturated ammonium sulphate 
solution, and allow the mixture to stand for an hour A precipitate 
may be globulin, phosphates or ammonium urate Separate the 
precipitate by centrifuging or filtering and wash it with a mixture 
of equal parts of water and saturated ammonium sulphate, to 
remove adherent solution of albumm Treat the washed precipitate 
with a small volume of 1 per cent acetic acid to dissolve the globulin 
(and phosphates), filter off uric acid if necessary, and show that 
globulin is present by the formation of a coagulum on boiling 

The supernatant fluid or filtrate removed from the precipitate 
of globulin is tested for albumm by the boding and acetic acid test 
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If mucus is present (see I) proceed as follows — 

To about IB cc of imne add drop by drop 33 per cent acetic 
acid (in the cold) till acid, and until any precipitate of lipoid 
globulin has redissohed (1 to 5 cc of acetic acid) Stand a few 
minutes and filter Mako the filtrate slightly alkaline with 
concentrated ammoma solution, filter off phosphates if necessary, 
and continue as described above to test for globulin and albumin 


Centrifuged urine 

Treated w ith excess of 
acetic acid in the cold 


Filtrate Precipitate of Mucus 
/ (unc acid) 


Made alkaline with 
ammonia and filtered 


Precipitate 

Phosphates 


Filtrate 



Filtrate 


Tested for protein 
by boiling and 
acetic acid 

Albumin 


Precipitate 

Washed with half saturated 
ammonium sulphate and extracted 
with 1 per cent acetic acid 

acid extract boiled 


Detection of Bence-Jones’ Protein 

Bradshaw s is useful as a preliminary test m routine work If 
it is positive the heat test described below should be earned out to 
establish with certainty the presence of Bence Jones protein if 
it is neg ative further investigation is un neces sary it must be 
remembered - however that Bradshaw 8 is by no means a specific 
test, any pathological urine containing an a faundance n f nrntein 
null giv e a po sitive res ult, though commonly only a slight haze 
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Normal blood or serum^added to normal urine (e g , 1 to 100) will 
give a positive reaction, and a similar result is obtained in hematuria 
if of a grade evident to tlieVmaided eye , _possibly it is the globulin 
rather than the al bumin fr action which is preci pitated by 
concentrated hydrochloric acid Urine containing uroselectan wilT 
give a false positive reaction (see p 232) 

B radshaw’s (HC1) Test Perform a ring test, superimposing a 
few cubic centimetres the unne on about 5 cc of concentrated 
hydrochloric acid Bence-Jones’ protein gives a heavy curdv 
p recipitate at the nmction of the two fluids . A positive test is 
obtained after c onsidera ble dilution of the unne (e g , 1 of urine to 
10 or 20 parts of distilled water), unless the concentration of the 
protein is very low ' *•* 

In Bence Jones’ protei nuria p ositive reactions a re obtained with 
all the routine qualitative tests for protein, though' a difference in 
behaviour may be noted with the boding and a cetic acid test , a 
precipitate occurring earlier than usuafni the heating process and 
redissoliing partially or completely on boiling It is possible even 
to miss protein altogether by heatmg rapidly to boiling point 

Resolution on boiling may be demonstrated clearly as follows — 
Two-tube Test Place about ZO c c of slightly acid unne m a 
test tube and warm to about 60° C — until it is just not too hot to 
gnp firmly m the hand Invert the tube once or twice to insure an 
even temperature and suspension of the precipitated protein, and 
pour half into another tube Leave one tube for comparison, and 
heat the other to boiling Resolution and the degree thereof will 
be evident on immediate comparison of the opacities of the two 
tubes 

In theory Bence-Jones’ protein is readily detected owing to its 
precipitation at low temperatures (40° to 60° C ), its disappearance 
on boiling and its reappearance on cooling In practice the presence 
of the protein is easily missed, owing to the great influence of the 
reaction of the unne on its behaviour, particularly when the 
concentration of the protein is low 

Solutions of the separated protem are affected not only by the 
reaction, but also by the quantity of neutral salts and the valency 
of their hations and amona (Hopkins and Savory), but so far as 
the writer is aware there is generally little or nothing to be gamed 
by adding neutral salts when testing urines for the protein 

If the original unne is alkaline it should be made neutral or 
very slightly acid to litmus w^th acetic acid to avoid a precipitate 
of phosphates on heating If an excess of acid is added, however, 
the protein may not come down at any temperature , indeed, 
over acidification is probably the chief cause of failure to detect 
the protein by the heat test With lesser excesses of acid the 
precipitate may not occur below 60° C , or it may not disappear on 
boiling Conversely a slight excess of acid may be necessary to 
cause the maximum reappearance of the protem precipitate on 
cooling A simple method, by which the above possibilities of error 
are generally avoided, is as follows — 
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Heat Test for Bence-Jones’ Protein. TJlearJJie urine bv filtering , 
repeatedly if necessary. Note the re action to litmus of the fi ltrate. 
If alkaline, make it neutral or very~ »uTtlv acid b v the cautions 
addition of acetic acid {33 per cent.). PlacTabout 5 c c. of the~filtr ate 
in eacli o f three test-tube s To the first tube add nothing, to th e 
second ancf thir d tub es a dd 1 and 2 drops of 33 per cent, acetic acid 
respectively. Place the tliree tubes and a ther mometer ii T a beaker of 
water. Hea& Jthe beaker cautiously so as to raise the temperature 
slowly, rot ating the tubes and thermometer _so..as to stir the water 
well, thereby keeping the temperature of the water and of the urines 
uni form . Observe the changes which occur in each of the tubes 
and the temperature at which the changes occur. "When Bence- 
Jones’ protem is p resen t the urine suddenly bec omes turbid _a t a 
temperature beIow fiO°~C — often between i0° and 50^ C. After a 
f urther rise of a few degrees (but still below 60° G ) the precipitate 
becomes flocculen t. Ordinary plasma proteins (albumin and/or 
globulin) do no t come d own till the t emperature exceeds 60° C , 
though m their case also tbe reaction of the urin e affects the 
temperature at which they are first precipitated. “ ~~ ~ 

On,j.naing the temperature to 100° C , Bence-Jones’ protein 
may o r may n ot completely disapp ear. but when thorougldy boded 
m t he flam e, one of thejhree tubes wiU_generally show i ts comple te 
disa ppeara nce (Remember, however, that proteins other than 
Bence-Jones^ may also be present ) Therefore, after observing the 
flocculation &elbw"60° C , 'remove the three tubes from the beaker, 
and boil each t horo ughly m the flame. 

On cooling, th e prote m in the Hrsfr t ube, to which acid has not 
been added, may not come down sowell as the protein injone of 
the other two tub es, but from the beh aviour of the contents ^)f the 
three tubes a composite picture is obtained which shows the typical 
behaviour of Bence-Jones’ protein. 

When the conditions are not correct for complete resolution at 
boiling-point, it will often be observed that the protein forms a 
peculiar stringy, sticky coagulum. Bence-Jones’ protein may be 
estimated jn urine by thgJblU£ef^matU.od given above, the writer 
having found that its biuret equivalent jsthe same as that of serum 
proteins , it is precipitated with globulins. 
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CHAPTER IV 

URINARY DEPOSITS : CALCULI AND CONCRETIONS 

Books Most manuals of clinical laboratory methods giye descriptions 
of unnaty deposit b Much detail, with,, numerous illustrations will bo 
found in Atlas of Urinary Sediments, by Keider. Moore and Delepine 
1899 F 

Tor a full account of “ Cystinuria " the reader is referred to Garrod’s 
Inborn Errors of Metabolism 

Accounts of the properties and reactions of cystine, tyrosine and 
leucine are scattered through text books of physiological chemistry, etc , 
e g , those by Cole, Hammarsten and Hedm, Hawk and Bergeim, Phmmer, 
Emerson’s Clinical Diagnosis and Clinical Diagnosis by Von Jaksch, 
translated by Garrod 

For full descriptions of urinary calculi sec Swift Jolys Stone and 
Calculous Disease of the Urinary Organs, and Winsbury White’s Stone in 
the Urinary Tract 

The schemes for analysis of calculi given in most books (eg, by 
Hutchison and Hunter, Hawk and Bergeim, Hammarsten and Hedm) 
are unnecessarily elaborate for purely clinical purposes 

For a fuller account of concretions see Wells’ Chemical Pathology 


PRELIMINARY TESTS ON URINARY DEPOSITS 
Mucm may be learnt by inspection and a few simple chemical 
tests 

First the reaction of the urine to litmus should be taken As 
a general rule phosphates are deposited only when the urine is 
alkaline, and urates or uric acid when it is acid To each of these 
statements, however, there is an exception Calcium hydrogen 
phosphate (stellar phosphate) may be deposited in a urine which 
is sbghtly acid, and ammonium urate may separate out in an 
alkaline urine Calcium oxalate may be deposited when the 
reaction is acid, neutral, or alkaline It is all important to 
remember that a deposit of phosphates or of urates m a specimen 
which has cooled down to room temperature is not necessarily 
abnormal , m fact, m most cases the observation is of no significance 
The important points to determine are (a) whether the substance 
actually is passed in suspension, and (6) whether the day’s output is 
excessive The existence of (a) should only be recorded if the 
doctor has actually witnessed the micturition Such a condition 
may he of significance and require treatment But by far the 
commonest cause of so called ‘ hthuria ” is the fall in temperature 
of the unne from 37° C to room temperature and by far the com- 
monest cause of so called * phoaphatuna ’ is a shift of the reaction 
of the urine after it has been passed to the alkaline side, due to 

41 
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bacterial decomposition The existence of (6) can only be decided 
from a knowledge of the intake and output of the substance 

Secondly, if the unne is alkaline, the effect of adding acetic 
acid (33 per cent ) till the reaction becomes acid should be noted 
Phosphates will redissolve If, on addition of acid, gas is evolved, 
it will probably be C0 2 liberated from bicarbonates or carbonates 
The commonest cause is the bacterial decomposition of urine which 
has been allowed to stand, whereby urea is converted into ammonium 
carbonate Bicarbonates may be excreted in fresh unne in amounts 
sufficient to give this reaction, either when the unne is alkaline 
naturally (normal “ alkaline tide,” or diet nch in alkali or substances 
which yield alkali in the bodj), or as a result of the administration 
of certain drugs, e g , sodium bicarbonate, potassium citrate, etc 
If the unne is acid, dilute hydrochlonc acid (10 per cent v/v) 
should be added Calcium oxalate will go into solution (Calcium 
oxalate is insoluble in acetic acid and in weakly acid unne, but is 
soluble m hydrochlonc acid Uric acid and urates are insoluble 
in dilute hj drochlonc acid ) 

Thirdly, m the case of acid unne, the effect of warming should 
be tried The unne should be well shaken and a sample carefully 
warmed in a test tube to about 60° C (not too hot to hold), when 
uric acid or urates will generally go back into solution It must not 
be boiled lest phosphates or protein be thrown out of solution If 
samples of the supernatant clear unne have already been remo\ed, 
the deposit will be more concentrated than ongmally, m which 
case vanning maj not cause a re solution of urates or of uric acid 
Fourthly, it should be noted whether or no the deposit is 
pigmented Bile or blood may cause a deposit to be coloured Unc 
acid and urates when deposited may cany down with them unnary 
pigments Thus the colour of a “ cayenne pepper ” deposit is due 
• to urochrome and uroerythnn which have been earned down with 
uric acid crystals But the wnter vould warn the reader that a 
uratic deposit occasionally maj be white, or only very faintly 
stained with urochrome , students not uncommonly err m believing 
that uric acid deposits are invariably pigmented 

Lastly, it is essential to bear in mind that deposits are most 
often of a mixed nature, e g , leucocytes and bacteria, cells and 
crystals, etc It follows, therefore, that one or more of the above 
tests may not be conclusive In fact, it is not safe to give any 
opinion on a deposit without making a microscopic examination The 
above tests are often of value as a preliminary , or as an adjunct to 
microscopic examination 

THE MICROSCOPICAL EXAMINATION OF URINARY 
DEPOSITS 

No apology is needed for including a brief account of the 
microscopical examination of unnary deposits in a book on 
chemical tests The chemical pathologist should not hand over the 
examination of the deposit from a unne in which he has found 
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protein, to Ins colleague, the clinical pathologist He should 
examine it himself in an endeavour to discover the cause of the 
proteinuria 

The preparation of deposits for examination is made in one of 
three ways — 

*(a) The deposit is allowed to settle by gravity, for preference 
m a conical receiver 

(6) The urine is thoroughly mixed to obtain an even suspension, 
and a drop of the suspension is examined 
(c) The urine is centrifuged 

Method (a) is sufficient in order to observe the naked eye 
appearance of a deposit, and m certain circumstances it is the 
only method available in clinical work Whenever possible, 
however, the urine should be centrifuged, unless there is a gross 
deposit, when it is, of course, unnecessary 

Method (6) is of value, for instance, as a preliminary to counting 
the number of cells passed m a given specimen Thus it is some 
times employed m following the progress of a case of pyelitis 
The urine is well mixed, and a drop mounted Either the number 
of cells per field may be counted and the mean in a number of 
fields calculated, or the number per cubic millimetre of urine may 
be determmed with the aid of a blood counting chamber Addis 
has made interesting observations by counting the number of cells 
and casts m the night’s urine (twelve hours), both in health and 
disease, but this is not practicable in routme work 
Method (c) is generally the method of choice 

THE NATURE OF URINARY DEPOSITS 
In the table on p 47 will be found a fairly complete list of the 
“ organised ’ and ‘ unorganised ” substances which occur as 
deposits or float on the surface of urine As an aid to memoiy the 
following may be convenient 

Deposits may be classified under three headings, each beginning 
with * C, viz Cells,” “ Casts,” and “ Crystals,” and a fourth 
group viz , * Miscellaneous ’ The heading ‘ Crystals ” should in 
full be “ Crystals and amorphous chemical deposits ” In the 
first group are included three types of cells, viz , white blood 
corpuscles, red blood corpuscles, and epithelial cells Likewise 
casts are commonly of three types, viz , hyaline, granular and cellular 
Cellular casts may be coated with either epithelial cells (epithelial 
casts) or leucocytes, or red blood corpuscles (blood casts) Some 
times casts are coated with fatty granules (fatty casts) Should 
these fatty granules be doubly refracting when examined under 
crossed Nicol s prisms, myelin kidney should he suspected Lastly, 
there is an uncommon type of cast, the “ waxy ” cast This has 
nothing to do with waxy or amyloid disease " Cylmdroids ” are 
long cast like structures which have no pathological significance 
The commmoner crystals and amorphous chemical deposits similarly 
fall into three mam groups, viz , phosphates, urates (including 
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Urinary Deposits 

(1) Cells 

(2) Casts 

(3) Crystals and Amorphous Chemical Deposits 

(4) Miscellaneous 

(1) Cells 
Leucocytes 
Erythrocytes 
Epithelial cells 


(2) Casts 
Hyaline 
Granular 
Epithelial j 
Leucocyte l Cellular 
Blood (r b c ) ) 

Fatty 

Waxy 

Cylindroids 


(3) Crystals and Amorphous Chemical Deposits 
Aetd Urine Alkaline Vnne 


Unc acid 

< Crystalline Sodium 
Urates I j Potassium 

{ Amorphous j Sodium 

(Ammonium 

Calcium oxalate 

Calcium hydrogen phosphate (stellar 
phosphate) m faintly acid or neutral 
urines 

Bilirubin (hteraatoidin) 

Cystine 
Xantlune 
Tyrosine 
Leucine 
Hippur c aci d 
Indigo blue 


Ammonium urate (crystalline) 


Calcium oxalate 

Calcium hydrogen phosphate (stellar) 
Ammonium magnesium phosphate 
(triple) 

Amorphous phosphates 
Amorphous carbonates 

Calcium carbonate 
Cholesterol 

Indigo blue 


(4j MlSCELLANEOUg 

Mucus 

Spermatozoa 
Bacteria and yeasts 

{ bilhania 
Ftlarta 
Echinococcus 

j Starch granules from dusting powders 
Foreign J Hairs 

bodies 1 Cotton wool 

iTow 

(True lipuria (see Cliapter XIV) 

{ Chyluna (see Chapter XIV) 
f . , I Lubricants from catheters 

s&tnnrra \ Tolueno preservative (in suspension and on surface) 
8UD Chloroform as preservative (in suspension and at bottom) 

j Liquid paraffin (contamination from rectum) 

‘Milk (added by patient) 


hjdrogen urate or uric acid) and calcium oxalate Deposits of 
phosphates and of urates may be either amorphous or crystalline 
Calcium oxalate is always deposited in crystalline form Rarely 
certain other crystals may be found viz , cj stine, tyrosine, leucine, 
bilirubin, indigo blue, cholesterol, hippunc acid and calcium 
carbonate A deposit of xantlune has only once been described 
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(Bence Jones) Sometimes, aftei large closes of alkali, the volume 
of the phosphate deposit which separates after the urrne has stood 
some hours is truly astounding The group of “miscellaneous 
substances ” includes the mucus which commonly separates as a 
light flocculent cloud in urine winch has been allowed to stand 
It is frequently observed thus m urines obtained from perfectly 
healthy individuals It is derived from the cells forming the 
mucous membrane of the urogenital tract In certain pathological 
states, particularly cystitis, there may be an excess of mucus 
secreted, which separates as a glairy stringy mass at the bottom of 
the urme glass The remaining deposits may b^classified under the 
headings of spermatozoa, bacteria and yeasts, parasites (biiharzia, 
fdana, and echinococcus), foreign bodies, and oily substances 

It is obviously outside the scope of this book to deal with most of 
these The reader is referred to the list of books at the beginning 
of this chapter A few points of chemical interest, together with 
some of the difficulties brought to the writer by students, will be 
noted seriatim 


Cells and Casts 

In the writer’s experience, the beginner often has considerable 
difficulty in differentiating one type of cell from another The 
table below and the Pig on p 49 may be helpful in combination 
with the usual account given in standard books 



B.BC 

V* DC 

Ep C 

Siam . 

Average, Vanea 

considerably with 
tonicity of urine j 

7 to 10m Slightly 

larger than over 

age BBC 

Vanes with type 
Some alightlv 
huger, moat much 
larger than WBC 



Colourless 

Colourless 


Homogeneous 
: Not granular 

May bo crenatod 
Biconcave discs 
Double ring contour 
Not nucleated 

Heterogeneous 

Granular 

Spherical 

Nucleated 

Heterogeneous 

Often granular 

Of various ehapes 

Nucleated 


In hypertonic uimes red blood corpuscles are smaller than on 
the average In hypotonic urines the red blood corpuscles are 
larger than the average , sometimes they are so swollen as to he 
practically spherical and lose their double contour Crenation, 
though most commonly found when the urme is hypertonic, may 
also occur in hypotonic solutions Ponder and Saslow suggest that 
■crenation is due to a failure of the red cell to mamtain its peculiar 
shape 

It is a good rule not to label any object a cast unless it has 
parallel edges The beginner is most likely to mistake for a cast 
either a hair, a scratch in the slide or coverslip, or a degenerated 











Scratch on glass 


Fra. 8. Diagram to assist in the identification of cells, casts, and starch 
granules. All are drawn to the same scale, using a micrometer eye- 

(p. 7), and to cut down the light to a minimum by means of the 
diaphragm. 

Uric Acid and Urates 

Clinically a deposit of uric acid or urates is often referred to as 
lithuria. As previously mentioned, it is most often caused by cooling 
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of the unne in vitro, and only occurs at acxd reaction (ammonium 
urato excepted) Uric acid crystallises m many different forms 
(barrels, plates, prisms, needles, sheaves, rosettes, hexagons, etc 
(Fig 9) ) , it is generally, but not invariably, coloured by adsorbed 



urinary pigments, and redissolves on heating to about GO 0 C 
(c/ p 45), or in excess of alkali 

Urates aro often amorphous, but sodium urate (thorn apple 
crystals) and ammonium urate (pigmented spheres or “thorn 
apples without the thorns,” and thorn apple crystals) may be 
crystalline (Fig 10) Ammonium urate occurs at alkaline reaction 



Fig 10 Uratic deposits (a) Amorphous urates (6) Pigmented spheres 
of ammonium urate (alkaline urine) (c) Thorn apple crystals of 
# urates of ammonium or sodium 

Like uric acid, urates are usually pigmented, and redissolve on 
warming or in excess of alkali 

It is useful to know the morphological appearance of these 
deposits m order to be able to differentiate them irom other 
substances but it must be admitted that they are of very little 
practical importance It is only when they occur m suspension tn 
vivo that they can be of any clirucal significance, because they may 
cause irritation m the urinary passages, though that is exceptional , 
similarly the passage of unc acid and urates in suspension in the 
urine is seldom accompanied by the formation of calculi and it is 
certamly unsafe to regard bthuria as evidence of the presence of 
stones, though it may lead to a suspicion of their existence 

Phosphates 

Reference has been made (p 44) to the importance of reaction 
and of bacterial decomposition of urine, m the production of a 
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deposit of earthy phosphates True phosphatuna is much commoner 
than true lithuna, but the former, like the latter, is seldom 
accompanied by calculus When the 
phosphatuna (ammonium magnesium 
phosphate) is due to bacterial 
decomposition t n mo in the bladder 
(cystitis, prostatis), it is of more senous 
significance, and is more likely to be 
associated with the formation of stone 
Many subjects are needlessly alarmed by 
the passage of a cloudy unno due to a 
suspension of phosphates , clinically such 
a condition is noted most frequently in 
association with wasting, worry, senous 
mental depression, or severe mental work 
or strain (Langdon Brown and Hilton) 

Crystals of calcium hydrogen (stellar) 
phosphate are uncommon, whereas those of ammonium magnesium 
(triple) phosphate are often seen in urinary deposits , stellar 
phosphates occur as clusters or rosettes of pnsmatio or simple 
needles (Fig 11), triple phosphates as “ coffin lids ” or “ knife rests,” 
or as feathery crystals (Fig 12) 



Fia 12 Triple phosphate crystals (ammonium magnesium phosphate) 



%%*\ m 

Fra 11 Stellar phosphates 
(calcium hydrogen phos 
phate) 


Calcium Oxalate 

Morphologically the commonest form of calcium oxalate is the 
flattened octahedron or “ envelope ” crystal, though it may appear in 
the shape of a biscuit or dumb bell (Fig 1 3) That it may be deposited 



Fio 13 Calcium oxalate crystals 

(а) Octahedra or * envelope * crystals 

(б) Dumb bells 
(e) Biscuit forms 
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at any reaction, 13 insoluble in acetic but soluble in mineral acids, has 
previously been noted (p 45) The crystals are most commonly 
deposited after the unne has been cooled in vitro, but they may be 
present in vivo in suspension in the unne and cause irritation, and 
occasionally even slight hsomatuna As in the case of phosphates 
and urates, it is only in a very small minority of instances that the 
deposit is accompanied by the formation of a calculus 

Many vegetable foods contain oxalates, but Langdon Brown and 
Hilton consider that strati berries, spinach and rhubarb are most 
likely to produce oxaluna with symptoms , a second factor they 
mention is the formation of oxalic acid from sugar by fermentation 
in the stomach 


Cystine 

[Di /? thio-a ammopropiomc acid 
COOH CH(NH a ) CH 2 S S CH a CHfNH 2 ) COOHJ 
The recognition of cystine crystals is important, because their 
discovery is essential to establish the diagnosis of cystmuna, unless 
a cystme calculus has already been removed from the subject and 
its identity has been settled The condition is rare and is due in 
most instances to an inborn error of metabolism The cystme may 
be derived from both endogenous and exogenous metabolism The 
condition is serious because of the liability of the formation of 
calculi 

The colourless crystals (Fig 14) are hexagonal m shape and are 
soluble m alkalies especially ammonia, and in mineral acids They 
are insoluble m water, acetone, alcohol, ether and acetic acid It is 



essential that the unne be acid before examining the deposit for 
cj stine crystals Neglect of this precaution has no doubt in part 
been responsible for some of the negative findings m known cases 
of cystmuna When the unne is alkaline, it should be acidified 
with acetic acid allowed to stand for half an hour or longer, and 
then centrifuged In some cases, when the concentration of cystine 
is low, even acidification will not precipitate it Gaskell’s method 
(see below) should then be applied or the cystme may be estimated 
(eg , by the methods of Looney or of Medes) 
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Certain forms of une acid are very like cystine, but the former » 
are nearly always tinted by nrochrome or other pigments, whereas 
cystine crystals are invariably colourless Both are deposited in 
acid urines, and so a mixture of cystine and unc acid crystals may 
occur Usually unc acid crystallises out m more than one form 
Even if the crystals are all colourless typical hexagons it is advisable 
to perform confirmatory tests before diagnosing cystmuna Unc 
acid crystals are readily differentiated owing to the fact that they 
do not dissolve in dilute mineral acids, whereas cystine crystals do 

Iodoform crystals are hexagonal in shape, but pale yellow in 
colour, and on rare occasions might gam access to the unne (e g , 
from surgical dressings) and so cause confusion Iodoform could 
be distinguished by its solubility in acetone or ether 

The amount of cystine m urine may be determined gravi 
metrically by Gaskell s method, or colonmetncally, eg, by the 
methods of Looney or of Medes The daily output of cj stine by a 
cystinuno on a mixed diet is commonly from 0 3 to 0 5 gm 
Normal urine may contain traces — 0 to 10 mgm per 100 o c 
(Looney), 1 to 84 mgm per diem (Medes) — but never sufficient to 
crystallise out 

Identification of Crystals as Cystine Separate the suspected 
crystals by centrifuging Remove the supernatant fluid and mount 
a drop of the deposit Focus the crystals and add a drop or two of 
30 per cent v/v hydrochloric acid The cystine crystals dissolve 
rapidly , uric acid crystals are not affected The process of 
solution may easily be watched under the microscope Other mineral 
acids (eg , 20 per cent v/v , phosphoric acid S G 1 75, 

diluted 1 m 2) give a similar result 

Test for Cystine in Solution in Urine Fill a test tube half 
full of urme and boil with 2 or 3c c of 40 per cent sodium hydroxide 
Add 3 or 4 drops of a saturated lead acetate solution, when a black 
precipitate of lead sulphide will form if cystine be present Tins 
test is not conclusive, however, unless the urme be free from protein 
because m the protein are included sulphur containing amino acids 
from which sodium Bulphide is formed by the treatment with strong 
alkah 

Gaskell’s Acetone Method as a Means of Separating Cystine 
Crystals Make 600 c c of unne alkaline to litmus with concentrated 
ammonia solution, and add a saturated solution of calcium chlonde 
until there is no further precipitate of oxalates and phosphates 
(test small portions after each addition of the calcium chlonde, by 
filtering or centrifuging, and adding a drop of the calcium chlonde 
solution to the filtrate) Add 500 c c of acetone, mix, allow to 
stand for a few minutes, and filter Acidify the filtrate with acetic 
acid and leave it undisturbed overnight or for longer Carefully 
decant most of the supernatant fluid, and transfer the remaining 
fluid and all the precipitate to a centrifuge tube Centnfuge, and 
decant as completely as possible Dissolve the precipitate m about 
5 c c of 10 per cent v/v HC1, clear by centrifuging, and transfer 
the supernatant fluid to another tube Make slightly alkaline with 
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* ammonia, and then acid with acetic acid Cool and start the 
crystallisation, if necessary, by adding acetone a few drops at a 
time, but do not use more than an equal volume m all Examine 
tlie deposit under the microscope 

Sometimes the cystine comes out as tufts of needles, which may 
be converted into the typical hexagons by re solution in 10 per cent 
v/v HC1, followed by the treatment with ammonia, acetic acid and 
acetone ns before Cystmuna should not be diagnosed until the 
characteristic hexagons have been obtained 


Tyrosine 

[fi parahydroxyphenyl a ammopropionic acid 
C 8 H 4 (0H) CH 2 CH(NH 2 )C00HJ 
Pure tyrosine crystallises in sheaves which are colourless 
Deposits of tyrosine m urine also occur m the form of sheaves (Fig 1 6) 
The ciystals, however, are frequently 
stained yellow, owing to the associated 
jaundice which is found in most of the 
diseases in which tyiosmum occurs 
Tyrosine is very shghtly soluble m 
cold, more soluble in hot water It 
dissolves easily in dilute mineral acids 
and alkalies to be precipitated on 
neutralising the solution , it is insoluble 
in acetic acid, acetone, alcohol and other 
It gives Millon's reaction 

Tyrosine is an uncommon deposit 
in urine, and has been reported most 
often, together with leucine, in acute yellow atrophy of the hver 
It may be found apart from leucme It has also been observed in 
certain cases of acute phosphorus poisoning cirrhosis of the hver 
and leuksemia In fact, it may appear in any condition in winch 
there is a great breaking down of body tissue 

Certain substances occurring in urinary deposits are apt to be 
mistaken for tyrosine, particularly when the urrne contains sufficient 
bile to tinge the deposit yellow Thus stellar phosphates, certain 
forms of uric acid and one form of bilirubin (hsematoidm) crystals 
may cause confusion Indeed, many of the older reports are of 
” little value, since they were limited to the microscopical appearance 
If a polarising microscope is available tyrosine sheaves which 
are anisotropic may readily be distinguished from stellar phosphates 
which are isotropic On addition of alkali tyrosine ciystals dissolve 
stellar phosphates do not On addition of acetic acid the converse 
holds Unc acid crystals are anisotropic, but are insoluble in 
hydrochloric acid Bilirubin crystals may be differentiated by 
their solubility in acetone 

Identification of Crystals as Tyrosine Make the unne slightly 



Fio 16 Tyrosine 
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acid with acetic acid, separate the suspected crystals by centrifuging, 
and decant the supernatant fluid Wash the residue in the centrifuge 
tube with acetic acid (33 per cent }, centrifuge and reject the 
supernatant fluid This will get nd of phosphates Shake the 
residue with a few cubic centimetres of acetone, spin, and reject 
the supernatant fluid This tv ill remove crystals of bihrubm 
Mount a drop of the deposit, and observe under the microscope the 
result of adding a drop or two of hydrochloric acid (10 to 30 per 
cent v/v) Uric acid crystals will be untouched, tyrosine sheaves 
will dissolve 


Leucine 

[y methyl a ammovalenc acid 

CH 3 CH(CH 3 ) CH 2 CH(NH 2 ) GOOH] 

Leucine occurs as a rare deposit m urine m the form of jellon 
spherical masses (Tig 16) It is usually, if not always associated 
with tyrosine It has been reported most often in acute yellow 
atrophy of the liver, but may also occur in certain other pathological 



Fio 16 Leucine ( Alter Hutchison and Rainy ) 

conditions associated with tyrosine (see under Tyrosine) It has 
the same significance as tyrosine, pointing to extensive destruction 
of tissue within the body 

The balls of leucine as seen in urme are impure leucine (Pure 
leucine crystallises m thin white hexagonal plates ) Leucine is 
soluble in water, alkalies and acids, including acetic acid, but only 
slightly soluble in alcohol It is insoluble in acetone and ether 
Certain forms of urates are the substances most likely to be mistaken 
for leucine , in fact, it is probable that most of the deposits recorded 
as leucine were actually urates 

Identification of Crystals as Leucine. Separate the suspected 
crystals by centiifuging and mount a drop of the deposit Focus 
a bunch of the crystals and note the effect of adding a drop of 
33 per cent acetic acid or of 30 per cent v/v hydrochloric acid 
Leucine crystals dissolve rapidly, urates do not, hut may give place 
to uric acid crystals 
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Bilirubin (Hsematoidin), C33H 38 N 4 0 8 
Bilirubin may be deposited in any acid urine containing much bile 
pigment, either in the amorphous form or as tufts of short brown 
needJes, or as reddish brown cubes and rhombic plates (Fig 17) It 
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Fio 17 Bilirubin 

(o) Amorphous (c) Rhombic plates 

(bj Tufts of needles (tf) Cubes 


is very apt to stain cells, crystals, and other material in the deposit 
It stains uric acid crystals deeply, and may modify their shapes 
Crystals of bilirubin are easily recognised by their solubility in 
acetone (see under Tyrosine) 

The following table summarises the solubilities of the deposits 
mentioned above 
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Criaaiy Deposit 


Dilute 
Jlinera 1 
Adds 

Acetic 

Acid. 

AJrcftoJ 

Acetone 

EtSer 

Une acid and urates 

Sol 

Insol 

Insol 

lnsol 

Inaol 

Inaol 

Earthy phosphates 

Insol 

Sol 

Sol 

Insol 

lnsol 

lnsol 


lnsol 

Sol 

Insol 

lnsol 

lnsol 

lnsol 


Sol 

Sol 

Insol 

lnsol 

lnsol 

lnsol 


Sol 

Sol 

Insol 

Inaol 

InsoL 

lnsol 

Leucine 

Sol 

Sol 

Sol 

Slightly 

sol 

Slightly 

sol 

lnsol 

lnsol 

Bilirubin 

Sol 

!! 

Sol 

Sol 

Sol 

Slightly 

eol 


Indigo Blue, C 16 H 10 N 2 O 2 

Indigo blue is derived from mdican (potassium mdoxyl sulphate) 
It is a rare deposit, and is only formed after the unne has stood 
Potassium mdoxyl sulphate yields free mdoxyl m acid solution, and 
this is oxidised by air to indigo blue The occurrence of indigo m 
acid urines might thus be accounted for, but, though it has been 
found in acid urine, it is much more commonly deposited in urines 
which have become alkaline owing to ammomacal decomposition 
It has been suggested that in these alkaline u runes the indigo la 
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formed by the decomposition of mdoxyl glycuronates, which are 
less stable than the sulphates, hut the writer has found when 
attempting to isolate indican that it is 
very liable to yield indigo blue if ammonia 
is present The conditions required for 
the formation of mdigo in stale urine are 
not known , the concentration of indican 
seems of little importance 

The presence of mdigo may be suspected 
from the bluish tinge of the urine or of the 
deposit Sometimes it forms a bluish 
pellicle on the surface of the urine It 
tends to stain other crystals m the deposit, 
and so may appear to bo deposited in 
varying forms True indigo in unne may 
be amorphous (Fig 18, a) or in the form of 
blue needles in tufts (Fig 18, b) When 
crystallised slowly from chloroform it may 
come out as blue rectangular plates (Fig 18, c) Indigo blue is 
insoluble in water, veiy slightly soluble in alcohol, and easily soluble 
m chloroform Its solutions give an absorption band in the red 
(Fig 48, facing p 220) 

Cholesterol, C 27 H, 5 OH 

Cholesterol crystals are very rare in unne, and are probably m 
all cases derived from cystic cavities communicating with the 


a 5 
Fia 18 




Indigo blue 

(а) Amorphous blue particles 

(б) Tufts of blue needles 

(e) Blue rectangular plates 
(from chloroform) 



urinary tract, or from “ cystic swellings ” formed m the tract, 
e g , pyonephrosis They are easily recognised by their shape — 
rectangular plates with a notch at ono comer (Fig 19) — and by 
their ready solubility in chloroform 

Xanthine (Dioxypunne) and Hippunc Acid (Bcnzoj 1 glycine) 
Crystals of these substances are extremely rare, therefore the 
reader is referred to larger works Crystals of hippunc acid are of 
no clinical significance 

Starch Granules 

Starch granules in the urinary deposit not infrequently present 
difficulties In an ordinary unstained wet preparation they may 
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often be recognised by tie concent no arrangement of the lamrnse 
of which each is composed (potato starch) In some varieties of 
starch (maize) this laminated appearance is not obvious, but in the 
centre of each granule may be seen a " hole ” or a “ split ” The 
appearance under the polarising microscope is characteristic, the 
bright or doubly rcfractile portion of each granule closely 
resembling a Maltese cross (maize starch) (Fig 8 on p 49) It is 
easy to establish the identity of starch granules by mounting a 
second drop of the deposit in a solution of iodine {eg, Lugol’s 
solution) By this means starch granules are stained a deep blue 
or bluish black 

Starch gams access to the unne from dusting powders, and is 
very commonly Been in the urines of infants and young children, less 
commonly in the urines of adults, and then more often in women’s 
than men’s 


Note on the Contamination of Urine by Fseces 
Microscopical examination of the centnfuged deposit may reveal 
substances which can only have been derived from the feces In 
this way fecal contamination may be detected in urines which to 
the naked eye appear quite normal Such contamination is, of 
course, more likely to occur in females than in males In fact, in 
these cases it is almost safe to diagnose that the particular unne 
was passed by a female Cellulose remains and undigested or 
partially digested muscle fibres (see Chapter XXIV) are examples 
of deposits derived from feces On two occasions the writer has 
been surprised to see ova of Tnchocephalus dispar in the deposits 
of girls’ urines Catheter specimens of unne horn these patients 
were free from ova The feces contained large numbers 

URINARY CALCULI 

Urinary calculi are composed of urinary crystalloids and a little 
colloid material (mucus and blood proteins), which acts as a binding 
substance The mam crystalloids are nearly always urates (including 
hydrogen urate or uric acid) or phosphates or calcium oxalate 
Mixtures of two of these groups are common, and occasionally a 
mixture of all three occurs The table below, compiled from the 
wnter's personal analyses illustrates this statement 







Phil* 


Calcium 



t, "“ 

Calcium 

ptiatca 


Oxalate 

Uiatea 

Btmoved From 



Urates 

Calcium 

Oxalate 

Urates 

phSS- 

Kidneys 

10 

0 

0 

0 

13 

I 

0 

Bladder 

4 
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Total 
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1 

0 

1 

24 

2 

1 
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The total number of calculi, viz , forty nine, 13 bo small that it 
is not claimed that these figures represent the true average 
distribution among the different groups It would, of course, be 
necessary to collect many hundreds of analyses for this purpose ( cf 
Nakano) Nevertheless, one or two interesting points emerge 
First, considerably more than half, actually thirty four out of 
forty nine, of the stones analysed were mixtures and not “ pure ” 
atones It should be added that in most cases there was a large 
quantity of each of the two groups of substances composing the 
calculus, and not merely a slight trace of one group The reader 
may wonder why, in calculi, phosphates may be associated with 
calcium oxalate or with urates, whereas m urinary deposits the 
reaction of the urrne rarely permits Buch mixtures (see list of urinary 
deposits) It should be remembered, first that the reaction of the 
unne in the kidneys or bladder vanes from time to time, and, 
secondly, that calculi do not redissolve smee the colloidal precipitate 
which forms an essential part of each calculus is “ irreversible ” 
{cf Joly) Incidentally, when determining the composition of a 
calculus, traces of protein or “ albuminous matter ” will always be 
noted (not included m the above table) In fact, when analysing 
a supposed stone or “ gravel ” the absence of any “ albuminous 
matter ” is very suggestive of deception or error on the part of the 
patient (see later under Concretions) 

Secondly, the above results support the work of Benjamin 
Moore and of others who have pointed out that many text books 
are m error m stating that calculi are most commonly composed 
of uric acid or urates 

Thirdly, the frequency of mixtures accounts for one of the 
difficulties m treatment Thus, if alkalies are administered there 
is a risk of encouraging the deposition of phosphates Conversely, if 
acid sodium phosphate is prescribed, uric acid may be precipitated 
Tins brings us to the chief value, in clinical medicine, of determining 
the composition of stones removed by operation It enables more 
rational advice to be given as to the post-operative use of special 
diets, the administration of alkalies, etc , though it must be admitted 
that such treatment is generally of little value In this connection 
the observations of McCamson and of others are interesting It 
would appear that in animals one of the factors responsible for the 
formation of urinary calculi (renal and vesical) is a deficiency of 
fat soluble vitamin 

Certain other substances may enter into the composition of 
stones Cystine calculi are rare, and are due to an inborn error of 
metabolism (see Cystmuna) , such stones contam a largo proportion 
of the ammo acid, and may be almost “ pure ” , this is of practical 
importance, for it means that prolonged examinations for traces of 
cystine in calculi are unnecessary Xanthine calculi are extremely 
rare, and may likewise be due to an inborn error of metabolism 
Calcium carbonate stones are very rare m man , a number have 
been reported in herbivora 
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Determination of the Composition of Urinary Calculi 

Most books on clinical diagnosis or physiological chemistry gi\e a 
scheme for determining the composition of calculi The following 
simplified procedure is quite satisfactory for clinical purposes — 
Wash the stone free from blood, mucus, preservative solution, etc , 
and dry it in the oven Weigh it Cut it in tu o, and note whether 
there is a foreign body (ligature, paraffin, etc ) which may have 
acted as nucleus Reduce the stone (or half the stone if one half 
is to be kept for demonstration purposes) to a fine powder m a 
mortar Perform the following tests with portions of the powder 

(1) Heat on Platinum Foil Organic matter (uric acid, cystine, 
xanthine, " albuminous matter,” etc ) will bum away , inorganic 
matter (calcium, magnesium, phosphates, etc ) will remain 1 All 
true calculi undergo more or less charring owmg to the presence of 
vary mg amounts of organic matter In a “ pure ” phosphate stone 
the only organic material may be the small amount of “ albuminous 
matter ” In this case carbonisation will be obvious only in the 
earlier stages of heating Finally, the carbon will be all oxidised 
away, leaving a perfectly white residue The larger the proportion 
of organic matter the greater the tendency to obtain finally a grey 
or black powder if moderate degrees of heat be used Of course, 
all carbon can eventually be removed if heating is prolonged and a 
blow pipe be used 

If the powder bums away completely, or practically so, the 
stone will be composed mainly of urateB (uric acid), or of cystine, 
or of xanthine Xanthine is extremely rare , it does not give the 
murexide test Cystine bums with a pale blue flame (It should be 
noted, however, that this may easily pass unnoticed ) If cystine 
is suspected, a further portion of the original powder should be 
dissolved in a few drops of concentrated ammonia, cleared by 
centrifuging, allowed to evaporate spontaneously on a slide, and 
examined under the microscope Typical hexagonal crystals clinch 
the diagnosis of cystine 

(2) Heat some of the Original Powder with Dilute Hydrochloric 
Acid (e g 10 per cent v/v) Carbonates will be detected at once 
owmg to the evolution of carbon dioxide gas , human calculi 
occasionally contam mere traces, but, as a rule, none 

Uric acid, urates and albuminous matter will not dissolve in 
the dilute hydrochloric acid , calcium oxalate, cystine and 
phosphates will Filter through a dose paper (No 3 "Whatman) 
Cool, add litmus and make the filtrate slightly alkaline with 
ammonia (phosphates and calcium oxalate, but not cystine, will be 
precipitated) and filter again (filtrate H) Shake the precipitate 
with a few cubic centimetres of water, and acidify with acetic acid 
Phosphates will dissolve, but calcium oxalate will remain undissolved 
Make filtrate II slightly acid with acetic acid, and, if necessary, 
add acetone a few drops at a time to make cystine crystallise out 

> Calcium oxalate will be decomposed leaving a residue of calcium carbonate 
(gentle heat) or calcium oxide (much heat) 
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(c f Gaskell’s Acetone Method for Cystmuna, p 63) Cystme will 
also hate been identified in (1) Its presence at this stage in the 
precipitate on addition of acetic acid may be confirmed bj 
microscopic examination for the hexagonal crystals The calcium 
oxahte precipitate may bo amorphous or in the form of “ envelope ” 
crystals, depending on the rate of precipitation (Calcium oxalate 
and cystme are insoluble in acetic acid, jbut soluble m hydrochloric 
acid Phosphates are soluble in both acids Cystme is soluble, 
calcium oxalate is insoluble in ammonia ) 

(3) Heat some of the Original Powder m a Porcelain Dish on the 
Boiling-water Bath with a few Drops of Concentrated Nitric Acid 
Continue Heating until the Mixture is Absolutely Dry. A red colour 
is due to «nc aetd or urates {Murexido test) A y ellow colour is of 
no significance 

(4) To some of the Original Powder in a Test-tube add about 
5 c c of 50 per cent v/v Nitric Acid and an Equal Volume of 
Ammonium Molybdate Reagent Boil A feraon yetfow precipitate 
of ammonium phosphomoly bdatc indicates phosphates 

The diagram on p 62 may make these directions more easy to 

follow 


In a mow detailed examination tests are also made for NH, Ca and Mg 
Ammonia maj be present in combination either as ammonium urate or as ammonium 
magnesium phosphate , it is readily detected by adding 2 or 3 c c of sodium 
hydroxide solution to a large Knife point of the powdered calculus and boiling , 
ammonia is repealed by its smell and bj its action, on moistened rod litmus paper 
held at the mouth of the tube Examination for calcium and magnesium may be 
made by the ordinary met hods of inorganic group aualj sis 
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GALL-STONES AND MISCELLANEOUS CONCRETIONS 

It 13 convenient to add here some notes on biliary calculi and 
various concretions 


Gall-stones 

From a purely chemical point of view biliary calculi can be 
classified into three groups — cholesterol, pigment and calcium 
carbonate stones 

Cholesterol Stones The great majority of gall stones are 
composed mainly of cholesterol, which often amounts to 90 per 
cent or more They contain also varying traces of bile pigments 
(bilirubin and sometimes biliverdin) calcium, phosphates, proteins 
(chiefly mucus), and fatty material The pigment is combined 
mainly, if not entirely, with calcium as calcium bilirubinate These 
stones vary considerably in appearance and size , some are white, 
some are brown to black , they have a waxy feel 

Pigment Stones These are much less common, and are small 
and often black They are composed mainly of calcium bilirubinate 
and oxidation compounds of bilirubin — biliverdin, bilifuscin and 
bihhumm In some there are traces in others no cholesterol at all 
Protein and Balts are present in small amounts, and there may be 
traces of iron and of copper 

Calcium Carbonate Stones These are very rare in man and 
consist mainly of calcium carbonate, together with calcium 
bilirubinate , there may be a trace of calcium phosphate Unlike 
the previous two groups, they show up clearly on a direct X ray 
examination of the subject 

Bile salts are absent from gall stones, or occur in minute traces 
only 

The following is a simple scheme for testing for cholesterol, 
calcium, phosphates and bilirubin 

Chemical Examination of a Gall-stone 

Wash m water, dry and weigh Note the appearance externally 
and on section, and reduce to powder in a mortar 

Heat a Bmall portion of the powder on platinum foil Most 
gall stones are very largely organic, catch fire and bum with a 
smoky flame and smell of burning animal fat, as is to be expected 
from their high content of cholesterol 

Test for Cholesterol Extract the rest of the original powder w ith 
ether m a boiling tube, using three or four portions each of about 
5 c c , dipping the tube each time into a beaker of water at 60° to 
80° C , and filtering Combine the filtrates and evaporate off the 
ether carefully (no flame) Crystallise the residue from the minimum 
of boiling 90 per cent alcohol Mount the crystals under the 
microscope, and look for the typical notched plates of cholesterol 
containing one molecule of water of crystallisation (see Fig 19 
on p B7) 
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Should there be very little material extracted by ether and 
failure to produce crystals of cholesterol, a colorimetric test may be 
made as follows Remove the 90 per cent alcohol completely by 
evaporation to dryness on a boiling water bath, extract the dry 
residue with 5 c c of chloroform, centrifuge to clear, decant and 
add 2 c c of A R acetic anhydride and 0 1 c c of concentrated 
sulphuric acid , a green colour is obtained if cholesterol is present 
(cf Estimation of Blood Cholesterol, p 351) 

Test for Calcium and Phosphates Transfer the precipitate left 
on the filter after ether extraction, together with the paper, to the 
origmal boiling tube, add 2 to 10 cc of 10 per cent v/v HC1 
depending on the bulk of precipitate, warm and filter Test half 
the filtrate for calcium by neutralising with ammonia, acidifying 
with acetic acid and adding a few drops of saturated ammonium 
oxalate , test the other half for phosphates by the molybdate test 
(6ee p 61) 

Test for Bilirubin Wash the precipitate left after HCI extraction, 
together with any precipitate in the original boiling tube, with 
10 c c of water mto a centrifuge tube Add a drop of saturated 
ammonium sulphate and 4 c c of 10 per cent BaCl 2 Centrifuge 
and remove the supernatant fluid with a teat pipette To the 
precipitate add 0 5 c c of diazo reagent (p 262) and mix Add 
2 c c of alcohol and 0 3 c c of G per cent Na 2 HP0 4 12H 2 0, mix 
and centrifuge (cf Hunter’s diazo test, p 19) A red colour, due 
to azobihrubin, shows that bilirubin is present 


Gaul stone 
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Miscellaneous Concretions 

Urostealiths and Fatty Concretions from the Urinary Tract. These 
concretions have been reported on rare occasions One consisted 
of paraffin derived from a paraffin bougie The possibibty of the 
formation of concretions from the local use of medicaments con 
taming a fatty basis should be remembered Others have been 
reported to contain neutral fat, free fatty acids, cholesterol, or 
mixtures of these substances 

«• Pseudo-calculi ” and “ Pseudo-gravel ” Patients occasionally 
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bring objects to their physician which they have discovered in the 
chamber, in order to find out whether they are passing “ gravel ” 
Occasionally a patient may deliberately attempt to deceive Analysis 
of such fragments may be very difficult owing to the small amounts 
available In general a careful microscopical examination combined 
with the tests outlined above under the “ Determination of the 
Composition of Urinary Calculi ” will enable an opinion to be given 
The complete absence of any organic matter should arouse suspicion 
as to the nature of an alleged stone The following experience 
illustrates the point A patient brought minute “ stones,” some 
of which were black and some white, and claimed that she had passed 
them in the unne, and asked for advice as to treatment * On 
examination they were extremely hard, and were quite unaltered 
by heating on platinum foil They contained no phosphate, oxalate, 
or urate Carbonate and calcium were present, but no sulphates 
There was not sufficient material to permit further analysis, but it 
was obvious that the fragments were not genuine urinary calculi 

Enteroliths, and Concretions Passed per Rectum O all stones are 
occasionally passed in the faeces and it is mainly in order to establish 
whether or no a given stone ” passed per rectum is a gall stone 
that analysis of faecal concretions is required The chemical 
identification of a true gall stone is generally easy (see above) 
Enteroliths (cf Morns) are usually hard runded masses of food or 
lumps of faecal material encrusted with inorganic salts The term 
* enterolith ” is not meant to embrace lumps which are obviously 
small scybala (dried faeces) Sometimes bismuth or barium meals 
are followed, it may be several days later, by a passage of a ball 
of the particular salt used, probably coated with mucus and a little 
faecal matter Tests for bismuth or barium make identification 
Bimple Other concretions may be pieces of bone, masses of soaps 
or fats of high melting point, etc , etc 

Salivary Calculi On rare occasions a stone may form m one of 
the salivary ducts Such stones consist of calcium phosphate or 
calcium carbonate or a mixture of these wo substances One 
examined by the wnter consisted almost entirely of calcium 
phosphate , a small proportion of organic matter was present, but 
no calcium carbonate 

Tartar from teeth is said to be composed largely of calcium 
carbonate and phosphate, together with mucus, epithelial dlbns 
and organisms 

For descriptions of other types of concretions (pancreatic calculi, 
intestinal sand, corpora amylacea, etc ) the reader is referred to 
larger works, and particularly to Wells’ Chemical Pathology 

General Methods of Examination of Concretions 

The clinical history, the source of the concretion, etc , will 
usually suggest the lme of attack, but the following summary of 
methods may be useful — 

(1) Naked eye appearance of the concretion as a whole and on 
section 


cam METHODS 
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(2) Action of organic solvents, e g , ether, alcohol, chloroform, 
etc Separation of ether-soluble matter from residue and 
examination of the two fractions. 

(3) Examination as for urinary calculi, viz , heat on platinum 
foil, treatment with dilute hydrochloric acid, etc 

(4) Special tests, e g , for soaps (removal of “ fats ” by ether, 
followed by acid hydrolj'sis of the residue, and a second extraction 
with ether), pigments, bismuth, barium, etc , etc. 
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CHAPTER V 

TESTS OF RENAL EFFICIENCY 

Books. Peters and Van Slyke’s Quantitative Clinical Chemistry 

Ball and Evans’ Diseases of the Kidney 

Fishberg’s Hypertension and Nephritis 

Decent Advances in Medicine Clinical, Laboratory, Therapeutic, by 
Beaumont and Dodds 

My ers’ Practical Chemical Analysis of Blood 

De Wes^elow’s Chemistry of the Blood m Clinical Medicine 

Thomson Walker s Surgical Diseases and Injuries of the Oemto 
Urinary Organs 

‘ Modem Tests of Renal Function,” A E Belt Chapter x of 
Cabot’s Modem Urology 

‘ Methods of Examination of the Functional Capacity of the Kidneys ” 
Chapter xi of Kelly and Bumam’s Diseases of the Kidneys, Ureters and 
Bladder 

Having made a complete clinical examination of the patient, 
and having found protein in the unne together with an abnormal 
deposit, the medical officer may desire to extend his examination 
by applying tests of renal efficiency Viewed in this light, t e , as 
an extension of the clinical examination, renal efficiency tests are 
often of great value Naturally in the majority of cases the chemical 
tests simply confirm the opinion already drawn from the clinical 
examination, but in so doing they give additional confidence 
Occasionally the chemical tests are indispensable, or necessitate a 
revision of the conclusions drawn from the clinical examination 

There are one or two important points which should always be 
remembered in interpreting the results of renal efficiency tests — in 
fact, similar principles apply m testing the functional efficiency 
of any organ In the first place, it is difficult or impossible to 
devise means of assessmg the/” reserve power” of the kidneys 
No evidence of deficient function is obtained until a large part of the 
total renal tissue has been thrown out of gear It is impossible to 
give an exact figure, but for practical purposes it is fair to state 
that until two thirds to three quarters of the renal tissue has been 
rendered functionless, the ordinary kidney efficiency tests yield 
“ normal ” results In other words, if the tests are ” normal,” tho 
kidneys may be healthy, or slightly damaged, or moderately deficient 
in function, but they cannot be seriously damaged If the cluneal 
examination, including careful urinary examination, is negative, 
then “ normal ” efficiency tests probably indicate healthy kidneys 
But the results from chemical testa must alw ays be assessed in the 
light of the clinical examination If protemuna accompanied by 

87 s— a 
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granular or epithelial casts be found, the kidneys cannot be strictly 
healthy, however good be the efficiency tests 

The converse of the above sometimes occurs Is it possible, in 
the absence of both proteinuria and an abnormal deposit, for renal 
inadequacy to be present ? In other words, does an unsatisfactory 
renal efficiency test have any significance when the urine is perfectly 
normal ? Theoretically it is possible that the kidneys might be 
completely healed after a severe lesion, and so excrete urine of 
normal composition under ordinary conditions, and yet be so badly 
scarred that, when submitted to the extra strain of certain renal 
function tests, they would be shown to be deficient In practice 
this condition must be extremely rare The writer has never 
encountered a stnctiy normal unne when the kidneys were without 
doubt damaged, though, of course, the unne may be quite normal 
although one kidney has been removed surgically It is said that 
at certain stages of chrome interstitial nephritis the urme may he 
free from protein , this is not my experience, though it must be 
admitted that sometimes there is so little protem that it may easily 
be missed, using the boiling and acetic acid test, unless the eye is 
trained readily to detect the slightest haze In other words, the 
contradictory statements published on this point have probably 
arisen owing to errors of observation In practice, therefore, one 
should always look carefully for fallacies m the chemical tests, if 
function tests are the sole evidence of renal inefficiency 

The second point of importance is that renal efficiency tests 
give no suggestion of the cause of deficient function This may 
appear obvious, but is not uncommonly forgotten Thus renal 
inadequacy may be due to nephritis, to stone, to tumours, etc , etc 

Thirdly, the possible influence of non renal factors on the results 
of tests of kidney function should always be borne in mind Thus, 
if a substance is administered by mouth, the rate of its absorption 
from the mtestme may be a factor m the rate of it3 excretion in 
the unne Again, in the case of oral administration the liver may 
influence the amount reaching the kidneys In the case of the 
ordinary excretory products, the kidneys may be functioning 
normally, but the amount excreted may be subnormal simply 
owmg to a diminished production m the body The possible 
influence of diet on the quantity of a substance excreted should 
never be forgotten Moreover, patients exhibit variations of appetite 
and peculiarities of taste at least as much as healthy individuals 
Be not misled, therefore, by the statement that any particular 
patient was on a “ full hospital diet ” at the time of the test 

Lastly, it is necessary repeatedly to make observations if the 
progress of a case is to be judged from chemical tests An isolated 
test gives information as to the state of the kidneys only on the 
particular day on which that test was made 

Objects of Kidney Function Tests 

(1) Differential diagnosis from non renal diseases 

(2) In unilateral disease, diagnosis of the side affected 
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(3) Estimate of degree of damage to each kidney separately, or 
estimate of damage to one kidney and “ proof” that the other is 
functionally efficient 

(4) Estimate of total damage estimate of risk of urcemia 

(5) Repeated estimations of kidney function (umlatera! or 
combined) at intervals as an aid to prognosis , or, 

(6) As an aid to treatment 


Conditions of Testing 

Tests may involve the examination of the “ combined unne ” 
from the bladder, with or without catheterisation , or of the 
segregated unnes obtained by ureteric catheterisation, or of the 
blood Lastly, examinations of blood and urine may be combined 
in order to ascertain the state of affairs on both sides of the kidneys 

The substance estimated may be an ordmary constituent of 
the blood and of the urme , or it may be an artificial product 
administered by mouth or parenterally for the purpose of the test, 
c g , dye tests y In practice estimations on the urme have very 
largely been given up, owing to-the difficulty of obtaining a complete 
collection of the twenty four hours’ urine Finally provocative 
tests may be employed In such tests, relatively large doses of 
substances are administered in order to force the kidney to work 
hard In this way some measure of the reserve power of the renal 
tissue is obtained , the kidney is working at a disadvantage, and 
defects m function may be rendered obvious which would escape 
notice using other tests An example of a provocative method is 
the urea concentration test 


The Functions of the Kidneys 


The mam functions of the kidneys are — 

(1) Excretion of 

v(u) Waste products of metabolism 

(b) Poisons, chemical and bactenal (these may or may not 
have been rendered innocuous by the liver before 
reaching the kidneys) 


V^2) ] 


( c ) Other foreign substances 

^2) Regulation of the Osmotic Pressure of the blood, chiefly 
by control of salts excreted, especially chlorides 
0(3) Regulation of the Hydrogen ion Concentration of the 
blood 

'-(4) Conservation of the Bases — particularly sodium— of the 
blood and body fluids The chief mechanism is the conversion of 
urea into ammonium carbonate in the kidneys , a double exchange 
then takes place, the ammonium salt is excreted in the urme, and 
the sodium is conserved as bicarbonate in the blood (c/ p 184) 

(5) Kidney Synthesis, for example, the conjugation of benzoio 
acid with glycine to yield hippurie acid (benzoyl glycine) 
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TESTS EMPLOYED 

As a preliminary, search will have been made for abnormal 
constituents in the urine, particularly protein, cells and casta 
(Chapters III and IV) If the urine 13 absolutely free from protein 
it is a waste of time to perform renal function tests An enormous 
number of methods have been devised for testmg one or more of 
the functions listed above It is impossible in a book of this size 
to give particulars of all these Some of the methods most commonly 
employed m this country will be discussed in detail Notes will be 
included on certain others Lastly, references will be given to 
further tests of interest 

Nowadays the urea tests are more widely used than any of the 
others, and it is probably fair to state that they can be relied on 
exclusively m routme work The value of other methods m special 
circumstances ( & g , the dye tests in the hands of the surgeon himself) 
will be noted as the tests are described 


THE UREA CONCENTRATION TEST (MACLEAN 
AND DE WESSELOVV) 

Principle. The object of this test is to force the kidneys to 
concentrate urea by flooding the blood with urea, and by with- 
holding fluids for eight to twelve hours beforehand 

Technique 

(a) Performance of Test in Ward, etc ' 

Nothing to drink overnight, e g , nothing after 10 pm Next 
morning at — 

y 5 58 a m Empty bladder completely 
Label specimen “ 0 " 

Gam Drink the dose of urea • 

7am Empty the bladder again 

Label specimen “ 1 ” 

8am Pass urine agam 

Specimen “ 2 ” 

9am Pass urine once more 

Specimen “ 3 ” 

Place each specimen in a separate bottle and label each 
The whole of the urine passed in specimens 1, 2 and 3 should be 
sent A sample of specimen “ 0 ” will suffice Breakfast may be 
taken before or during the test if desired, so long as it is a “ dry ” 
breakfast No tea, coffee, milk, etc , is allowed 

The test may be started at 6 30 a m or 7 a m , or at any other 
convenient time in the early morning, so long as complete samples 
of unne are obtained at hourly intervals as in the above example, 
and so long as all fluids are withheld previously for eight to twelve 
hours 
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Urea prescriptions for an adult — 
B Urea v/ 

Tinct aurant^ 

Aquam y 
3f Ft Haust ^ 

B Urea 

Tincture of orange 
Water 


3 J^ss 
m xt 
ad 5 lijss 


15 gin 
1 c c 

to 100 c c 


Dose of urea for children The following has been found 
satisfactory in practice — 


Ago in years 

cc of above 
prescription 

Grammes of urea 


100 

15 


80 

12 


70 

10 (approx ) 

3 to 5 

50 

7J 


40 

B 


25 

4 (approx ) 


(6) Laboratory Determinations Pleasure the volume of urine 
in cubic centimetres and estimate the percentage of urea m each of 
specimens 1 2 and 3 The volumes are measured Tn order to 
detect excessive diuresis The liypobromite method for the estima 
tion of urea is sufficiently accurate for clinical purposes in that 
only relatively gross variations m urea concentration have any 
significance 


Technique of Estimation of Urea in Urine 
(Hypobromifce method) 

Principle Nitrogen is liberated from the urea m urine by the 
action of an excess of alkaline sodium liypobromite and is collected 
over water » the volume is measured at atmospheric pressure, the 
reaction, proceeding according to the following equation — 
CO(NH 2 ) 2 +3NaBrO +2NaOH=N 2 -f- 3NaBr-f-Na 2 C0 3 +3Hj0 
Reagents A freshly prepared solution of alkaline sodium 
hypobromite is made by mixing 1 part of bromine (2 5 c c ampoule) 
with 10 parts of 40 per cent sodium hydroxide solution (25 ce), 
te,an excess of caustic soda 

2NaOH -f- Br 2 = NaBrO -j- NaBr -f H 4 0 
The reagent mast bo freshly prepared each day 
Apparatus (see Tig 20 on p 72) The apparatus consists of a 
100-c c burette connected at the lower end by rubber tubing with 
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a levelling tube, and at the upper end with a small bottle This is 
closed by an indiarubber bung with two holes Through these 
pass two short pieces of glass tubmg One of these carries the 
rubber tubmg making connection with the upper end of the burette 
as already mentioned , the other is closed by a short length of 
rubber tubmg and a screw cli^ The bottle contains a small test- 
tube which will just he obliquely across the bottle without spilling 
its contents 

Method Measure approximately 25 c c. of the freshly prepared 
sodium hypobromite cooled to room temperature, and transfer to 



the bottle Measure accurately 5 c c of the urine with a pipette, 
and deliver it into the small test tube Carefully lower this into 
the bottle, taking care to avoid spilling unne mto the hypobromite 
Place the rubber bung securely m place, and, with the screw clip 
open, adjust the levelling tube until the water in the burette is at 
zero Close the clip The air inside the system is now at atmospheric 
pressure Lower the levelling tube The water in the burette will 
drop a few divisions and should then remain stationary If, how ever, 
it continues to fall an air leak is present which must be eradicated 
before the experiment can be continued 

Having made certain that the system is air tight, mix the unne 
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with the hypobromite by tilting the bottle, taking care to prevent 
froth entering the mouths of the glass tubing passing through the 
indiarubber bung, mix thoroughly and allow the mixture to stand 
for two or three minutes to cool approximately to room temperature. 
Adjust the levelling tube until the levels of the water in it and in 
the burette are the same. The gas in the burette will then be at 
atmospheric pressure Read the burette 

Calculation. The urea percentage is obtained by dividing the 
volume of nitrogen evolved by 20 ; 1 c c of nitrogen corresponds to 
0 05 per cent, of urea ; this factor, of course, only holds if 5 c.c. of 
urine are used per test. 

In other words, under the conditions of the experiment (room temperature, 
etc ), 1 c c of nitrogen is equivalent to 0 0025 gm of urea Therefore, if 1 c c, of 
unne be used per test, each cubic centimetre of nitrogen corresponds to 0 0025 X 100 
grammes of urea per 100 c c of unne s and with 5 c c. of unne, to 0 0025x20 t e 
0 05 per cent 

When 4 c c of urine are used per test, as by MacLean and de Wesselow in 
their original publication, each cubic centimetre of nitrogen corresponds to 0 0025 
X or 0 0625 per cent of urea 

Five c c pipettes are more often available than 4 c c — hence the adoption of 
6 c c of unne per test in the above descnption 

Note on Factor This was determined by MacLean and de 
Wesselow in the following way. The urea percentage in each of a 
series of urines was determined by the accurate urease method. 
The nitrogen evolved from 4 c c. of each of the same urines was 
then measured at room temperature and without correction for 
barometric pressure. The relation of nitrogen evolved to the urea 
percentage in each urine was calculated, and the results averaged. 
It can readily be shown by calculation that this factor may safely 
be employed even in hot climates, the temperature error being too 
small to interfere with the value of the results in clinical work. 

The above technique is a simplification of the standard procedure, in which the 
burette is immersed in a large cylinder of water so that the temperature can be 
measured (see, for example, Cole's Practical Physiological Chemistry) The chief 
difficulty, as a rule, in the standard method is the calculation, which is therefore 
appended • — 

From the equation : 

CO(NH,), + 3NaBrO + 2NaOH = N, -f- 3NaBr + Na.CO, + 3H,0 
60 gm 22 4 hties 

60 gm of urea theoretically would yield 22,400 c c of nitrogen, or 1 gm of urea 
would yield 373 e c of nitrogen at STP. In practice it is found that a solution 
of I gro of urea in water gives off only 357 c c , or about 96 per cent of the theoretical 
amount In urine, too, the urea yields about 96 per cent of the nitrogen demanded 
by theory, but the alkaline hypobromite liberates nitrogen also from ammonium 
salts, amu»o acids, uric acid and creatinine {cf. Stehle, R L , J, Biol. Chem , 1921, 
47, 13), and this extra nitrogen just about balances the deficiency in nitrogen from 
urea In practice, therefore, the above equation may be mode the basis of 
calculation It is of interest to note, too, that MacLean and de Wesselow ’a factor 
(see above), viz , 1 gm. of urea is equivalent to 400 c c of nitrogen at room 
temperature, when reduced to S T P again approximates to 1 gm of urea s 373 c c 
of nitrogen. 

Let the temperature at which the nitrogen is collected bo P C , p being the 
barometric pressure, a the aqueous vapour pressure at the observed temperature, 
and v the volume of nitrogen evolved from 6 c c. of unne. 

Then the corrected v olume of nitrogen V 

27 3 . p - a. 

= V * 273 + t X 760 
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Since 373 c c of bj 2 are evolved from 1 gra of urea, 


373 


373 
V 

373 b 
V X 20 

-sir *" ofur '* 

Or substituting for V and calculating in one operation ■- 
273 (p - a) . 20 


100 


Urea per cent = 


{273 + t) ‘ 
t » X (p — a) 273 X 20 


373 


(273 + <) 

1 x (p - a) 


760 X 373 
X 0 0103 


Interpretation of Results (a) Volume of Urine. If tlw> 
concentration of urea is subnormal, the first thing to exclude as a 
cause thereof is excessive diuresis The volume of unne should 
not exceed 120 c c (4 oz ) in the first hour, or 100 c c (3J oz ) in 
the second and each subsequent hour If the volumes do exceed 
these amounts, a low urea concentration is not necessarily indicative 
of deficient renal function, and it is advisable to repeat the test 
Excessive diuresis is most commonly due to imperfect preparation 
for the test Occasionally, in spite of withholding fluids for eight 
to twelve hours previously, there may he excessive diuresis owing 
to release of water previously retained in the tissues It is merely 
a matter of convemence whether the test be repeated on the same 
or on another day, there being no objection to giving a second dose 
of urea two or three hours after the first If the urea concentration 
be good in spite of excessive diuresis, there is obviously no need to 
repeat the test 

(6) Concentration of Urea The information required is the 
maximum concentration of urea It does not matter whether this 
occurs m the first, second or third hour Usually the maximum 
is found in the second or third, but occasionally in the first hour 
It is, therefore, advisable to determine the percentage of urea in 
each of the three hours but if time is pressing the second or third 
liour sample may be analysed first, and if satisfactory further 
analysis may be omitted 

Normally the maximum concentration exceeds 2 5 per cent , 
frequently being greater than 3 per cent Figures between 2 5 
and 2 per cent may be regarded as within the boundary zone 
Their significance should be carefully assessed in the light of all the 
evidence available, and if any doubt remains as to the efficiency of 
the kidneys further tests should he performed, e g , an estimation 
of the blood urea Figures below 2 per cent generally indicate 
renal inadequacy, always assuming that the test lias been properly 
executed 

Value of the Test On account of its simplicity the test has 
been used extensively in all branches of trnnary disease It is very 
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useful in clinical work, and undoubtedly will reveal the presence 
of a serious degree of renal inefficiency in the vast majority of cases 
There are, however, a few groups of cases m which it is apt to be 
misleading at first sight Thus in the purely hydraemic type of 
nepliritis with chloride retention, but no nitrogenous retention, it 
gives normal results, and yet the patient may be at death’s door 
Agam, m some cases of enlarged prostate the urea concentration 
test has been normal before operation, and yet the patient has died 
from septicaemia or toxiemia twenty four or forty eight hours after 
prostatectomy The test is a measure of the efficiency of nitrogenous 
excretion, and of that only We have no right, therefore, to expect 
it to give warning of septic complications, etc 

The urea concentration te9t is a provocative test That is to 
say, by flooding the blood with urea an attempt is mado to provoke 
the kidneys to excrete urea at higher concentrations than on an 
ordinary diet It is possible that m the case of a damaged kidney 
such provocation makes a call upon some of its “ reserve ” Possibly 
for this reason the urea concentration test is more sensitive than 
many other tests, such as the blood urea test But even the urea 
concentration test is a comparatively gross test Thus in one case 
the writer examined it was perfectly normal, although one of the 
kidnejs had been removed following a street accident It would 
appear, therefore, that half the renal tissue may bo functionless, 
and yet this test will vield “ normal ” results 


BLOOD UREA 

The concentration of urea in the blood is determined to see 
whether there is a retention of urea 

Collection of Blood (c/ Chapter A VI I) Venepuncture is 

necessary to obtain enough blood for the hypobroimte method 
(5 c c blood) and for the “ urease titration ” method (3 c c ), but 
capillary blood secured by akin puncture may be used for the 
“ urease Nesslensation ” method (0 2 c c ) Fluoride must not be 
used for preserving the blood when urease methods are to be 
employed, because it is an enzyme poison and may cause low results 
It does not matter whether whole blood, oxalated plasma or 
serum be used, because urea is approximately evenly distributed 
between corpuscles and plasma Urea diffuses very readily, and 
the urea content of the blood and of the various body fluids are 
practically uniform This pomt is of practical importance in that 
cerebrospinal fluid or oedema fluid may have already been obtained 
and be available for analysis It has e\ en been suggested that the 
saliva be utilised for the estimation of urea, which is calculated 
from the combined urea and ammonia nitrogen (Hencli and Aldrich} 

Methods of Estimation 

For a review of the available techniques, see Peters and Van 
Slykos Quantitatne Clinical Chemistry, vol. n 
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I. Hypobromite Method 

The proteins in 5 c c of blood are precipitated by trichloracetic 
acid An aliquot part of the protein free filtrate is treated with 
sodium hypobromite w a special apparatus The nitrogen liberated 
is measured and the percentage of urea calculated Gross departures 
from the normal are readily detected, but the method is not so 
accurate as the urease methods, which are, therefore, recommended 
in preference 


II Urease-titration Method 

Principle Blood is incubated uitli urease in a solution of acid 
potassium phosphate which preserves the optimum reaction for the 
enzyme The urease converts the urea into ammonium carbonate 
An excess of weak. base (potassium carbonate) is added, and the 
ammonia liberated is aspirated over into an excess of standard acid 
The excess of acid is determined by titration with standard alkali 
The rest of the acid has been neutralised by the ammoma formed 
from the urea The amount of preformed ammonia in blood is so 
minute (see Table on p 333) that it can be disregarded , in other words 
there is no necessity to estimate (i ) the preformed ammoma, and 
(u ) the ammoma preformed plus that forn je d from urea as in the 
case of urine 

(1) CO(NH 2 ) 2 + 2H a O ~ (NH 4 ) 2 C0 3 

or CON 2 H 4 CONH + NH 3 (Werner and Fearon) 

(2) (NH 4 ) 2 C0 3 *• 2NH 3 + C() 2 + H 2 0 

or CONH + H 2 0 = C0 2 -f NH 3 (Werner and Fearon) 
(Dissociation hastened by presence of K 2 C0 3 removal of 
NH, by aeration and fixation of CO, by K 2 C0 3 (K 2 C0 3 -f 
H 2 0 + C0 2 = 2KHC0 3 ) ) 

(3) 2NH 3 + H 2 S0 4 - (NH 4 ) 2 S0 4 

(4) H 2 S0 4 + 2NaOH = Na 2 S0 4 -f 2HOH 

Apparatus The apparatus consists of three vessels connected 
m series as shown m Fig 21 The guard bottle A contains sulphuric 
acid (10 to 25 per cent v/v) to trap a, n y ammoma drawn in 
from the laboratory atmosphere The boihng tube B contams the 
blood the urease, and the" acid phosphate The boiling tube C 
contams the standard acid The suction pump P draws the air 
through the contents of the tubes, and carries NH 3 from B into C 

Method In tube C place 25 c c of N/1.00 sulphuric acid, 4 or 
5 drops of indicator, 1 and 2 or 3 drops of caprylic alcohol In tubo 
B place 5 c c of 0 6 per cent acid potassium phosphate, 3 c c of 

* Indicator Prepared by adding 1 c c of saturated aqueous methylene blue to 
GO c c of saturated methyl red in 50 per cent alcohol 
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blood, 0 3 gm of soya bean meal, and 10 to 12 drops of caprybc 
alcohol (the last to prevent frothing) Connect up the apparatus 
as shown m Fig 2 1 See that the inlet tubes are properly arranged so 
that the contents of one boibng-tube are not sucked over mto the next 
Place tube B in a water bath at 48° C The temperature may be 



Fra 21 Blood urea apparatus for urease titration method 


mamtamed for a longer period if the inner water bath at 48° C is 
placed in an outer water bath at 60° C as shown m the figure , 
enamel basins serve well as water baths (Alternatively, clips may 
be appbed at D and E, and the tube B with its chpped rubber 
connections may be placed in an incubator ) Incubate for half an 
hour, shaking tube B, and aspirating air through by turning on the 
pump for a few Beconds, about every seven minutes (four times in 
the half hour), bo that its contents are thoroughly mixed 

At the end of the period of incubation, the contents of tube B 
are made alkaline as follows Remove the water baths from under 
tube B, and disconnect this tube, blowmg through A at the moment 
the tube is drawn down, so that the contents of B are not sucked 
up towards A, and so that no drop is left behind to fall on the 
bench if the boiling tube is taken away To B add rapidly 3 gm 
of sohd anhydrous potassium carbonate, and 4 c c of saturated 
aqueous potassium carbonate Quickly replace the tube, and put 
the water baths back in their place Then aspirate air through the 
whole system by turning on the suction pump slowly for five minutes, 
and then more rapidly so that a good stream of air passes Aerate 
altogether for forty five to sixty minutes 

Then disconnect C, blowmg down A so that no fluid is sucked 
back from C towards B Undo the rubber connections between 
the pump and C, and between G and B Holding the bulb just 
above the level of the acid, wash the inside and outside of the glass 
tube which bad been m the acid, with a jet of distilled water, down 
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corresponds to 3 mgm of urea per 100 c c , then the blood urea = 
(31 X 10) — 3 = 28 mgfb per 109 c c 


Example of Calculation from First Principles 4 — 

3 c c of w hole blood used 

25 o c of 0 01065 N H2SO4 used to catch the ammonia 
Back titration was 22 4 c c of 0 00992 N caustic soda 
Blink corresponds to 2 mgm of urea per 100 c c 
1,000 c c of N/l H 2 S0 4 combine with 17 gm of NH 3 or 14 gm 
of ammonia N 

1 c c of N/l H0SO4 is equivalent to 14 mgm of nitrogen 
1 c c of N/100 HjSO* is equivalent to 0 14 mgra of nitrogen 
Convert acid and alkali into N/100 thus — 

25 X 0 01065 = x X 0 01, u herefore x = 26 625 
and 22 4 X 0 00992 =yx0 01, wherefore y = 22 221. 
Therefore, the acid which has been neutralised by the ammonia 
formed from the urea is 26 625 — 22 221 e c , or 4 404 c c N/100 
Suice 1 c c of N/100 acid corresponds to 0 14 mgm of ammonia N 
4 404 c c of N/100 acid corresponds to 4 404 x 0 14 mgm 
of N , 

or, 3 c c of blood yielded 4 404 X 0 14 mgm of ammonia N 
• , 4 404 X 0 14 

1 ” ” 3 

4 404 X 0 14 X 100 


Each 60 gm of urea yield 28 gm of ammonia N 

, nA fu j 4 404 X 0 14 X 100 X 60 

100 c c of blood yield g — mgm of urea, 

ic, 100 c c of blood contam 4 404 X 10 mgm urea = 44 mgm 
But from this we must subtract 2 mgm for the blank value 1 
Therefore, blood urea = 42 mgm per 100 c c 

Notes Indicator Methyl red is red m acid, yellow in alkaline 
solution The change from red to yellow, particularly m artificial 
light, is not sharp The addition of methylene blue makes the 
end point more obvious The methylene blue does not alter m 
colour Red -j- blue — purple, changes to yellow + blue — green 
Urease The soya bean is a convenient source of urease The 
meal is cheaper than the prepared tablets of urease and generally 
keeps well in Great Britain Tho soya beans are ground up into a 
meal, which may be purchased, e g , from Messrs Baird L Tatloek, 
Ltd The meal is passed through a forty mesh sieve, and the coarse 
particles rejected 

N/100 sulphuric acid keeps well in paraffin lined or hard glass 
bottles It must be checked against the caustic soda every tifro 
or three months 


1 This method of allowing for the blank value in the calculation obviously only 
holds when 3 c c of blood are used 
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C0 2 free N/100 caustic soda is prepared and standardised against 
pure acid potassium plithalate as described by Cole ( Practical^ 
Physiological Chemistry )— see Appendix It keeps well in paraffin- 
lined bottles The combined storage bottle and burette as shown 
on p 78 is very eonvement The NaOH should be restandardised 
everj two or three months 


III Urcase-Nesslerisation Method (Archer and Robb) 

Principle Blood is incubated with urease to convert the urea 
into ammonium carbonate The proteins are precipitated by 
tungstic acid, and an aliquot part of the supernatant fluid is treated 
with Nessler’s reagent Standard solutions of an ammonium salt 
are also treated with Nessler’s reagent, and standards and unknown 
are compared colonmetncally 

Method In a non tapered centrifuge tube place 2 c c of distilled 
water and 0 2 c c of blood, which is measured with an accurate 
blood pipette calibrated “to contain”, and is delivered beneath 
the 2 c c of water The pipette is then raised and washed out 
with the water two or three tunes Add 0 2 c c of the urease 
suspension 1 (prepared by grinding up one urease tablet in 5 cc 
of 30 per cent alcohol) and shake well to mix 

Place the centrifuge tube in a water bath at 65° C for fifteen 
minutes (or m a beaker of water which has been heated to 60° C ) 

Remove the tube and add 0 3 c c of 10 per cent sodium tungstate, - 
0 3 c c of two thirds normal sulphuric acid and 5 c c of distilled 
water Shake well to mix, stand a few minutes till the protein 
precipitate flocculates, and centrifuge till the supernatant fluid is 
quite clear Pipette off 5 c c of the supernatant fluid into a clean 
test tube, and add 5 c c of water and 2 c c of Nessler’s reagent 

The standards are prepared by mixing — 

(A) One cubic centimetre of ammomum sulphate 'standard 
solution, 9 c c of water and 2 c c of Nessler’s reagent, and 

(B) Two cubic centimetres of ammomum sulphate standard 
solution, 8 c c of water and 2 c c of Nessler’s reagent 

A solution of ammomum sulphate is kept m stock which has 
been prepared by dissolving 2 2 gm of the pure dry salt in water 
and making up to 1,000 c c 

The ammomum sulphate standard solution is prepared by 
diluting this stock solution 1 in 20 by taking 5 c c and making up 
to 100 c c with water For preparation of Nessler’s reagent, see 
Appendix 

Compare the colours of the “ unknown ” and of the standards 
with the unaided ej e, and select the standard approximating most 
nearly to the unknown Place the unknown in the left hand cup 
of the colorimeter and set the reading at 40 mm Place the selected 
standard m the right hand cup, which move up and down in the 
usual way till the colours match Take a senes of readings, of which 
"'let the average be S 


» Altematn ely a large krufe point (0 1 gm ) of soya bean meal (remove coarse 
particles bj e 40 mesh sieve) may be used plus 0 2 c c of distilled water 
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Calculation The reading of the unknown is 40, that of the 
standard is S Standard A corresponds to 40 mgm of urea per 
100 c e Standard B corresponds to 80 mgm of urea per 100 c c 
Therefore, 

g 

Blood urea x 40 = S mgm per 100 c c (A), 

or, X 80 = 2S „ „ (B) 

Calculation from First Principles Using standard A (1 ce of 
0 011 per cent ammonium sulphate) — 

(NH 4 ) 2 S0 4 CO(NH 2 ) 2 

28 + 8 + 32 + 64 12 + 16 + 28 + 4 

132 gm of ammonium sulphate contain 28 gm of nitrogen 
60 gm of urea contam 28 gm of nitrogen 
132 gm of ammonium sulphate correspond to 60 gm of urea 

1 gm of ammonium sulphate corresponds to ^ gm of urea 

011 mgm of ammonium sulphate (or 1 ce of 0 01 1 per cent ) 
60 

corresponds to ^ X 0 11 — 0 05 mgm of area 

1 c o of 0 011 per cent ammonium sulphate contains nitrogen 
corresponding to 0 05 mgm of urea 

Let x be the quantity (in milligrammes) of urea m the 5 oc of 
supernatant fluid used, S be the reading of the standard, and U be 
the reading of the unknown 
Then S x 0 05 — U X x, 

g 

x ~ U X 0 05 mgm 

5 c c of supernatant fluid are dem ed from ^ x02cc of blood 
| c c of blood contains^ x 0 05 mgm of urea 

. 100 c c „ „ ^ X 0 05 X 800 mgm of urea 

S 

= jj x 40 mgm of urea 

Wherefore, if the unknown is set at 40 mm , U = 40 and 100 c c 
of blood will contam S mgm of urea Also if the standard and 
unknown match exactly, the blood must contam 40 mgm of urea 
per 100 c c , * e , standard A corresponds to 40, and standard B to 
SO mgm of urea per 100 cc, if, and only if, the measurements 
gi\ en above are adhered to 

Blank Perform a blank test on the reagents with each new 
batch of urease tablets, or of soja bean meal, by proceeding exactly 
as above, except that 0 2 c c of water is u^ed instead of blood 
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The tablets as a rule give no perceptible colour, x e , blank is nil 
The Boya bean meal may give a very slight colour, but from the 
measurements given previously it will be seen that the large knife- 
point (or 0 1 gm ) of soya bean meal should introduce an error 
corresponding to -j- 1 to + 2 mgm of urea per 100 c c , which may 
be neglected for routine clinical work 

Notes The protein precipitate must he removed by centrifuging 
and not by filtration, because filter papers, unless specially washed, 
contain ammonium salts, and give a positive colour reaction yith 
Nessler’s reagent 

All water used in the test and for making solutions must, of 
course, be free from ammonia Freshly distilled water is usually 
safe, but each supply should be tested with Nessler’s reagent 

The chief difficulty of the method lies in the colour matching, 
brown being a poor colour for colorimetric work Daylight, or 
artificial light With a daylight glass, may be used Results obtained 
by this method {0 2 c c of blood) have been compared with those 
by the urease titration method (3 c c of blood) , the agreement 
has been very close in a series of over 100 bloods 

When the uiea content is high, the blood should be diluted to 
comply with the fundamental condition for colorimetry, viz , that 
the colour of the unknown shall approximate to the colour of the 
standard (see Chapter I) 

If the blood urea exceeds 200 mgm per 100 ce, the supernatant 
fluid may not clear on centrifuging, or the final addition of Nessler’s 
reagent may cause an opalescence , the probable cause of this is 
the neutralisation of an appreciable fraction of the §N H 2 S0 4 by 
the ammonium carbonate formed from the urea, so that the proteins 
are not completely precipitated (for each 100 mgm of urea per 
100 c c , 0 01 c c of §N HjS 0 4 are thus neutralised) In such 
cases, and whenever it is anticipated that t be blood urea wfl 1 be 
high, use 0 1 c c of blood plus 0 1 c c of water 

Another possible cause of cloudiness on Nesslensation is acetone 
winch has not been removed completely during the drying of pipettes 
(“ mercury acetone ” precipitate) 

The urease suspension in 30 per cent, alcohol usually keeps for 
at feast a week at room temperature, iw 6 tn hoi we&tber hss 
activity has been noted in a shorter period If water is used for 
making the suspension, loss of potency occurs m two or three days 
Tablets, either of "BDH urease ” (one tablet = 50 mgm urea) 
or of “ urease Dunning ” are satisfactory 

Interpretation of Blood Urea 

The concentration of urea m the blood is very little influenced 
by ordinary mixed meals It does not matter, therefore, at what 
tune of the day the blood is obtained The blood urea, however, 
though slowly, is sometimes extensively affected by great reduction 
of protem in the diet For this reason the blood _ ure a_may_be 
misleading in cases of kidney_disease_ Cases of unemia have been 
reported^ mwhicFthe* blood urea was reduced from very high values 
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to within normal limits solely as a result of the restriction of proteins. 
The writer has occasionally experienced the same difficulty in cases 
of enlarged prostate with severe anorexia For this reason the 
estimation of blood urea at a known interval after a standard dose of 
urea has been advocated A convenient method is to combine the 
urea concentration test with the estimation of urea m the blood — see 
under Urea Concentration Factor (p 98) Urea administered by 
the mouth is rapidly absorbed At the end of an hour, after 15 gm , 
the blood urea is approximately doubled in a normal person Archer 
and Robb suggest that a blood urea curve uould be of value 

The chief difficulty m interpreting the meaning of an increase 
in the urea content of the blood lies m the exclusion of non renal 
causes of increase Thus severe diarrhtea, gastro enteritis, etc , 
and, in fact, any cause of severe dehydration, tend to raise the 
blood urea Agam, a failing circulation has a similar effect, in 
this case owing to the diminution of urinary secretiop as a result 
oF the fall m blood pressure In addition to cardiac cases proper, 
the circulation is deficient in the terminal stages of many diseases 
For these reasons the interpretation of urea in blood taken shortly 
before or after death is often difficult Another cause of slightly 
raised values ia excessive protein destruction, e g , in diabetics 
submitted to severe undernutrition The rise of blood urea in 
these non renal cases is usually only moderate, of the order of 
50 to 100 mgm per 100 c c of blood As MacLean has emphasised, 
they may easily be distinguished by estimating the concentration 
of urea in the unne, which will be found to be high, often exceedmg 
4 per cent Another cause of a raised blood urea is intestinal 
obstruction (see Chapter IX) 

Normally, the figures for the concentration of urea m the blood 
are as follov s — 


TEgm per 100 c c 


Adult, on a “ full ” diet 15-40 

Under ten years, on a “ full ” diet (cj Table 

p 95) . 15-50 

Over sixty years, on a “ full ” diet 15-50 

Two and a half hours after 15 gm of urea 40-80 


The metabolism of children is more vigorous than that of adults, 
and this may bo the cause of the higher figures In old age the 
higher blood urea is probably due to the kidneys being less efficient 


Value of the Test 

An estimation of urea in the blood, like the urea concentration 
test, is a measure of the efficiency of nitrogenous excretion and of 
that only The remarks made in this connection in discussing tho 
value of the urea concentration test apply with equal force to the 
blood urea 

It will be seen from the above that ourng to the difficulties of 
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interpretation the value of an estimation of the blood urea is limited 
None the less, it is the simplest of the “ retention ” tests, and its 
extensive employment has led to wide recognition of its limitations 
In proved kidney cases it is very valuable, both in watching the 
progress of a case and as a guide to treatment In the diagnosis 
of unemia it is very useful, and there is generally little doubt as to 
the meaning of really high figures, e g , over 100 mgm In all 
doubtful cases its value is greatly enhanced if combined with an 
estimation of the concentration of urea in the urrne, either as part 
of the urea concentration test or even m isolated specimens of urine 
In fact, when used as an aid to diagnosis it is a good rule always to 
perform unnary estimations if the blood urea hes between 60 and 
100 mgm The latest development of this principle is seen in the 
next test 


THE BLOOD UREA CLEARANCE TEST 
(Van Slyke, et al ) 

By this method are measured the cubic centimetres of blood 
which would be completely cleared of urea during passage through 
the kidneys, if such a clearance were actually complete Really , of 
course, the kidneys never remove completely the urea from the 
blood , there is a lower urea concentration in the renal vem than 
in the renal artery, but urea is never absent from the blood in the 
renal vem None the less the theoretical conception is a useful 
measure of renal efficiency , the larger the volume of blood which 
could, in theory, be completely cleared of urea, the more efficient the 
kidneys An analogy may make the conception more evident 
Suppose a man were set to remove eggs from baskets passing in 
front of him on an endless chain and that each basket contained 
100 eggs, it would be immaterial whether he actually cleared ten 
eggs out of each of ten baskets per minute, or whether he completely 
cleared one basket of 100 eggs per minute , his efficiency would be 
the same in both cases, judging from the number of eggs, 100, that 
he removed per minute 

Van Slyke and his co workers showed by direct experiment that 
when the unnary volume is relatively large the amount of urea 
excreted in the urrne per minute is directly proportional to the 
blood urea content When the unnary volume is small this relation 
no longer holds The unnary volume above which this relation 
does hold was termed the * augmentation limit ” — augmentation of 
unnary volume beyond this limit does not increase the rate of urea 
excretion In adults it was found that the augmentation limit is 
about 2 c e of urine per minute Clearly the calculation of the blood 
urea clearance when the unnary volume is above the augmentation 
limit, must be different from the calculation when the unnary 
volume is less than 2 c c per minute When the urinary volume 
is 2 c c or more per minute the clearance is termed “ maximum ” 
when below 2 c c per minute the clearance is termed " standard ' 
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Formula for Maximum Clearance or C m 
Let the volume of urine excreted per minute be V c c , and the 
concentration of urea in this urine be U mgm per 1 c c Then in 
one minute UxV mgm of urea are excreted, and the same amount 
must be removed from the blood per minute 

Suppose the blood contains B mgm of urea per 1 c c Therefore 

1 mgm of urea is contamed m^cc of blood, and therefore U X V 

UxV 

mgm of urea are contamed in — -g — c c of blood Therefore 

UxV 


B 


- c c of blood are completely cleared of urea per mmute 
C£ = - c c of blood per mmute 


Formula for Standard Clearance or C, 

Below the augmentation limit it was found by observations on 
men that the rate of urea excretion varied, on the average, with 
the square root of the urinary \olume It is therefore necessary to 
fix the unnary volume at a definite standard, which is not practicable, 
or to calculate with the aid of the square root lav from the observed 
urea excretion what would be the urea excretion with such a standard 
urinary volume As a standard, Ice per mmute was adopted, 
which corresponds to 1,440 c c per twenty four hours, a figure ven 
close to the average output by adults per diem 

Suppose C is the observed blood urea clearance when the urinarj 
volume is V c c per minute Let C, be the standard clearance with 
a corresponding standard urinary volume of V c c per minute 

Then C, C VVT a/V 



Bat, as mentioned above, 1 e c per xnmute rras adopted as the 

standard for unnary volume, t e , V. = 1 

Therefore C, = 

V v 

But C, the observed clearance, as has been shown for C„, the 
maximum clearance, is equal to — ^ — 

Substituting for C, 

„ U X V i UXVV ... . 

C, = — g — X or jp — c c of blood per minute 

Method of Reporting Results 

Van Slyhe et al found that m health the average maximum 
clearance was 75 c c of blood per mmute, and the average standard 
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clearance 64 c c of blood per minute Comparisons between the 
standard clearance of one subject and the maximum clearance of 
another subject can be made if the results m both are expressed 
in the Bame terms, namely, as percentages of the average normal 
m, n , U X V 100 

luus C m becomes — g — X per cent of average normal and 


C. becomes 


uyv ioo 


B 


64 


per cent of average normal 


In making these calculations the urmary volume, Y, must be 
expressed in cubic centimetres of urine per minute Provided that 
U and B are expressed in the same terms, it does not matter whether 
milligrammes per 1 c c , or milligrammes per 100 c c , or grammes 
per cent , or grammes per htre, are chosen 


Correction Factor for Body Size 

Clearly n young child with its smaller kidneys will not excrete 
urea at the same rate as an adult In other words, a correction 
factor must bo introduced if comparable results for blood urea 
clearances are to be obtained in subjects differing greatly in size 
It has been shown (see J Clin Inxestig , 1928, 6, 4G7) that the 
weight of the kidneys vanes in proportion to the body surface 
Van Slyke el al adopted 1 73 square metres as their standard body 
surface area, and corrected the urrne volume per minute by 
1 73 

multiplying it by where A equals the surface area of the subject 

studied To determine the subject’s height is measured m 

metres, and the correction factor is read off from Fig 23 using 
the scale appropriate for the subject’s age This figure was con 
structed from medico actuanal tables and Du Bois' formula for 
calculating the surface area from the height and weight , the reader 
is referred to the ongrnal paper quoted above for a fuller explanation 
The completed formula! for calculating the clearances therefore read 
„ n v 173 nxy„ ... . 

C m = |XV X or g c c of blood per minute 

, U /“ 1*73 UVV“ . , 

and C, = gJV X or — -g - cc oi blood per minute 

In the great majority of adults no appreciable error will be 
introduced by omitting the correction for body size Thus Van 
Slyke et al pomt out that there will result from this omission a 
variation of only ^ 6 per cent in the maximum clearance, C m , if 
the height lies between 1 64 and 1 76 metres (65 to 69 m ) and of 
-J-. 5 per cent in the standard clearance, C f for heights between 
1 57 and 1 SI metres (62 to 71 m ) Naturally the correction must 
be introduced for all children, and for adults who are obviously 
short or tall 
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Age 25 18-20 16*11 2*15 Tears 



Fia 23 Chart for correction of urinary volume for body size in calculations 
ol blood urea clearances JiultipJ} iho observed volume of anno pec 
minuto by Head the value of opposite to the patients 

height in metres, using the scalo appropriate for his age The scale 
for twenty five years is used also for subjects who are older {From 
Fetera and \ an Slyke a Quantitative Clinical Chemiatr'j, Vol If ,p B69 ) 
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Preparation of Patient and Collection of Samples 

The subject should be at rest in bed (see also below ) , ordinary 
meals and fluids are allowed ; indeed, to promote a free flow of 
urine Van Slyke recommends a glass of water at the beginning of 
the test, and a second glass at the end of one hour 

The urine is collected completely in each of two consecutive 
and accurately timed one hour periods Blood is taken at about 
the middle of the two hours Thus — 

10 a m Empty the bladder completely and discard the urine 

11 a.m Empty the bladder completely and send the whole of 
the specimen to the laboratory 

12 noon Repeat as at 11 a m 

It is not necessary that each period Bhall be exactly sixty minutes, 
but it is necessary to know to the nearest minute exactly what are 
the time intervals (see also below) Two samples of unne are 
obtained simply to allow of a duplicate determination of the 
clearance, which serves as a check on the accuracy of collection 
and the completion of micturition Just before or just after the 
first hour’s unnary collection, blood is taken The blood urea is 
not significantly altered by meals, so that strict adherence to a 
given time for collection of blood is unnecessary (For effect of 
administered urea on the blood urea see later ) 

Variations in the tunes and manner of collecting the unne and blood may be 
introduced for convenience provided that the unnary volumes are complete, 
accurately tuned and measured Some subjects find mictuntion difficult at intervals 
of only sixty minutes Alternatively, note the tune when unne is voided naturally 
and discarded and collect the sample at the next natural micturition, again observing 
the time, and use this sample for the teat , collect the blood at some point between 
the two acts of mictuntion 

In cases of unnary obstruction catheterisation may be required, 
but may cause reflex inhibition or reduction of excretion and spoil 
the test , indeed, m obstructive cases and any others m which the 
unnary collection is likely to be unsatisfactory, it is wise to give up 

the clearance test and to substitute the g ratio (see p 98 ) after a 
night’s restnction of fluids 

In amvmg at the above instructions much work was done by 
Van Slyke and his colleagues in assessing the possible influence of 
vanous factors on the clearance, and this is summarised m the 
following notes 

Posture In normal subjects and m renal diseases accompanied by more than 
60 per cent of average normal clearance, there is no loss of accuracy m clearance 
values determined while the Bubject is up and about In more se\ ere renal disease 
however comparable results are secured only if the subject is at rest in the recumbent 
position otherwise too low results are obtained In other words, a preliminary 
test on an outpatient is permissible but if the result is below 50 per cent of average 
normal he should be re tested in bed 

Diuretics Drugs such as aalyrgan, caSeine and diuretin, and beverages such 
as coSee and tea, do not affect the clearance values 
• Salt Variations in the sodium chlonde content of the diet are without cuect 

Protein Low protein diets, 40 gm of protein and less daily, may lower the 
clearance, particularly in health and in mild renal damage , in severe kidney disease 
this lowering is not so marked or is insignificant 
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Urea, It is essential that the clearance be not determined during the first hour 
after 16 gra of urea, because in that period the blood urea rises rapidly and may be 
doubled , daring the second and third hour, though in health the blood urea ;a 
fairly steady at the higher le\ el, in renal disease it may show considerable fluctuations 
(c/ blood urea curves of Archer and Robb) Since the blood is taken once only in 
clearance tests, it would m theory bo wiser to avoid urea administration On the 
other hand, the higher hlood urea may increase the accuracy of the determination, 
and tho unnary \ olumcs being larger after the draught of urea aro more likely to 
be accompanied by perfect emptying of the bladder 

In very careful work. Van Sly ke and lus colleagues were unable to show any 
significant difference in the clearances with and without urea administration. 
Fowweather believes tli8t tho giving of urea prevents the erroneously low clearance 
occasionally obtained without urea , but Tow-weather also reports some clearances 
with urea which are considerably lower than those without urea The writer feels 
that tho administration of a solution of 15 gm of urea may be of practical value 
in securing more correct urinary volumes, but that water does equally well , he 
agrees with Van Slyke that urea makes no difference to the true clearance value 
and is generally an unnecessary complication 


Analyses 

For each sample the urinary volume is measured to the nearest 
cubic centimetre, and the volume per minute is calculated. The 
concentrations of urea in the blood and urine are determined by 
the methods described earlier in this chapter The hypobromite 
method (p 71) for urinary urea is satisfactory , m acidosis it is an 
advantage that this method includes the nitrogen from ammonia, 1 
because the urinary ammonia is formed in the kidney from the urea 
of the blood { cf p 184). The blood urea must be determined 
accurately by an urease method 


Example of Calculation of C m 
B — blood urea — 55 mgm. per 100 c.c. 

First Hour 

V — urinary volume — 155 c c. in 62 minutes = 25 c.c per 
minute 

U = unnary urea = 1-06 per cent. = 1,060 mgm. per 100 c.c. 

„ UxV 1,060 x 2 5 ... , 

C' m ~ — B — ~ 55 = 48 2 c c. of blood per minute 


55 


48-2 X = 64-3 per cent of average normal. 


Second Hour 

V = 144 c c in 60 minutes = 2 4 c c. per minute. 
U = 1*12 per cent. = 1,120 mgm. per 100 c c. 

1 120 x 2-4 

CL = — — = 48-8 c.c. of blood per minute 

*55 


or 48-8 x = 65-2 per cent, of average normal. 
Conclusion 

Blood urea clearance (maximum) is 64-3 and 65*2, 1 1 ., 65 per 
cent, of average normal. 


1 Van Slyke finds that more consistent clearances ore obtained from " Urea + 
Ammoma ” than from “ Urea ” alone If urinary analyses are made by ureosa 
methods tho preformed ammoma is included and not removed by permutit ; “ U ’* 
then equals 0 95 (Urea + Ammonia, calculated as urea) 
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Example of Calculation of C, 

B = blood urea = 120 mgm per 100 c c 

First Hour 

V — urmarj volume = 65 c c in 60 mmutes = 1 08 c c per 
nnnutc 

U = urinary urea = 0 90 per cent = 900 mgm per 100 c c 


C, = 


TJ-y/V _ 900-y/l 08 900 X 1 039 


B 


120 


120 


■s=J8cc of blood per 
minute 

100 

or 7 8 X -gj =14 4 per cent of avenge normal 
Second Hour 

V = 114 c c m 66 minutes = 1 73 c c per mrnute 
U = 0 70 per cent = 700 mgm per 100 c c 


C, = 


700-y/l 73 _ 700 x 1 315 


120 


120 


= 7 7 c c. of blood per mrnute 


or 7 7 X = 14 2 per cent of average normal 

Conclusion 

Blood urea clearance (standard) is 14 4 and 14 2 , i e , 14 per cent 
of average normal 


Example of C, with Correction for Body Size 
Child, aged four, height 42 in oi 1 07 metres (1 metre = 39 37 in ) 
The correction factor to bo applied to the urinary volumes is 
read off from the last column (ages two to fifteen) of Tig 23 , it 
is 2 3 

B — blood urea — 54 mgm per 100 c c 

First Hour 

V — urinary volume = 38 c c in 68 mmutes 

V tor — corrected urinary volume = 38 x23 = 87 4 cc in 68 
minutes 

= 1 28 c c per mrnute 

U = urinary urea = 1 70 per cent = 1,700 mgm per 100 cc 

_ u yv»T_ 1,700 x yl28 _ 1,700 x 1 m = 35 6 cc 

* B 54 54 

of blood per minute 

or 35 6 X — 65 8 per cent of average normal 

Second Hour 

V = 46 c c m 97 mmutes 

= 46 x 2 3 = 105 8 c c m 97 mmutes = 109 ec P er 
minute 

U = 1 55 per cent = 1,550 mgm per 100 c c 
c _ 1,550 X vT 09 1,550 X I 044 ^ „ of stood per 

54 54 minute 
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or 30 0 X -jrj- = 55 6 per cent of average norma] 

Conclusion 

Blood urea clearance (standard corrected for size) is 65 8 and 
55 6, i e , 61 per cent of average normal 


Interpretation of Clearance Tests 

The danger of expressing the results of a biological test m 
mathematical terms is that the reader may attach undue significance 
to small variations This danger is minimised, however, if it be 
remembered that such tests usually show a variation of the order 
of d: 20 per cent The blood urea clearance test is no exception, 
for Van Slyke et al derived their average maximum clearance of 
75 c c of blood per mmute from figures ranging from GO to 95 c c , 
and their average standard clearance of 54 c c of blood per mmute 
from figures ranging from 40 to 65 c c 

Obviously clearances above 100 per cent of average normal 
cbmcally are satisfactory The important pomt is what figure 
shall be taken as the lower limit of the range m health , the majority 
of workers have agreed that 70 per cent of average normal represents 
this lower limit Dr Van Slyke, m a personal communication to 
the writer in 1934 kindly made the following suggestions for 
interpreting the results of clearance tests — 


Percentage ol Average Kormal Clearance 

Over 70 
70 to 40 
40 to 20 
Below 20 
Below 5 


Renal Function 

Normal 
Mild deficit 
Moderate deficit 
Severe deficit 

Uraemic coma present or imminent 


This scale agrees well with the results obtained in the writer’s 
laboratoiy 

The clearance value vanes -with the flow of blood through the 
kidneys /Van BJyie^ Jfc is not constant in a given healthy individual,, 
but vanes within narrow limits m accordance with the normal 
functional elasticity of the kidneys In severe renal disease it is 
lowered and more fixed The effect of renal blood flow should be 
remembered, for the clearance value, like the blood urea (cf p 83), 
is altered by non renal factors which influence the oxygen supply, 
circulation and filtration pressure in the kidneys, viz , severe ansemia 
and anhydraamia, the poor circulation of cardiac decompensation, 
etc 


DYE TESTS 
Indigo-Carmine 

This test is used extensively in surgical work, and almost 
invariably by the surgeon himself For a fuller description the 
reader is referred to books on unnogemtal surgery 



92 


CHAPTER V 


The dye is injected intravenously m amounts varying between 
0 08 and 0 16 gm (20 c c of 0 4 per cent solution = 0 08 gm ) 
Either the combined urine or the segregated urines (obtained by 
ureteric catheterisation) are then examined The points to be 
noted are, the time elapsing between injection and the first 
appearance of the dye, the time of maximum colour, and the tim e 
required for complete excretion The indigo carmine test is, 
therefore, a “ time ” test Quantitative colorimetric determinations 
are not satisfactory (cf p 229) It is used particularly in diagnosing 
which is the kidney affected, or in obtaining a rough comparison 
between the efficiency of each of the two kidnejs The following 
table may be useful m interpreting the surgeon’s report 



Normal 

Abnormal 

Appearance of colour 

S to 20 minutes 

Delayed beyond 20 
minutes 

Maximum colour 

About 45 minutes 

After 1 hour 

Total excretion 

Complete in 14 hours I 
(greater portion in j 



12 hours) ] 

Delayed beyond 1 4 hours 


V/Phenol Red or Phenolsulphonephthalein 
This dye is used both as a “ tune ” test (m the same way as 
indigo carmine) and as a quantitative test 

Injections are made subcutaneously, intramuscularly or 
intravenously The usual amount is 6 mgm (0 006 gm mice) 
As a “ Time ” Test Before the test the patient drinks enough 
water (about 300 c c or 10 oz ) to ensure a good flow' of urine On 
completion of catheterisation the dye is injected, and the urine is 
received m a test tube containing a few drops of liquor potass® or 
caustic soda solution (10 to 25 per cent ) 



Normal 

Abnormal 

Appearance of colour 

5 to 10 minutes 

Delayed beyond 10 
minutes 

' Maximum colour 

15 to 20 minutes 

Delayed beyond 20 
minutes 

Total excretion 

Complete in 4 hours 
(greater portion in 

2 hours) 

Delayed beyond 4 hours 


Ji 
J* 
J * 


As a Quantitatue Test The patient is instructed to empty the 
bladder completely (specimen 0) and to dnnk about } pint of water 
The 6 mgm of dye are then mjected The urine is collected at the 
end of one hour and again at thread of two hours after the injection 
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The quantity of dye m each of these specimens is estimated 
colorimetrically Tor this purpose a quantity of a 25 per cen t 
solution of caustic soda is added sufficient to develop the maximum 
red colour The mixture is then diluted to 1 ,000 c c Asa standard 
3 mgm of phenol red (0 5 c c of standard solution of dye) are added 
to some of the unne obtained before the injection (specimen 0) 
The volume of specimen 0 used is made approximately equal to the 
volume passed during the second hour NaOH (25 per cent ) is 
then added to develop the maximum colour, and the mixture is 
diluted to 1,000 c c The use of specimen 0 m preparing the standard 
compensates very largely for the difference in tints often observed 
between the treated unne and the more usual standard made up 
with water, but no unne 

The unknowns and the standard are allowed to stand till the 
precipitate of phosphates settles, or they are filtered The 
supernatant fluids or filtrates are then compared m a colorimeter 
The percentage of the dye excreted in the first and m the s econd 
hour is then calculated If blood be present the unne is made 
alkaline by adding powdered lime, Ca(OH) 2 , or milk of lime (slaked^ 
lime made into a thin cream with water), instead of the 25 per cent""" 
NaOH On standing, or after filtration, the blood pigments are 
thereby removed as well as the phosphates j 

Normally 40 to 60 per cent of the d> e is recovered at the end 
of the first hour, and 15 to 25 per cent at the end of the second 
hour The total recovery in the two hours normally vanes from 
60 to 85 per cent Figures below 40 per cent (first hour) or 60 per 
cent (two hours combined) suggest renal inefficiency It should 
he noted that children excrete phenol red better than adults In 
two hours normal children excrete 70 per cent or more 

The phenol red test is a measure of the power of the kidneys 
to excrete a foreign substance It has been very extensively used 
m America and to a less extent in this country The general 
consensus of opinion is that it runs parallel with the blood urea It 
is subject to practically the same limitations as the latter, w-hen 
used as a quantitative test 

— '"CHLORIDE CONTENT OF BLOOD AND URINE 

So far all the methods considered have been designed to test 
the efficiency of the excretory function of the kidneys Methods 
* aiming at an estimation of the power of the kidneys to maintain 
the osmotic pressure of the blood at a steady level are frankly 
disappointing The chief reason for this is that the *blood 
chlorides, and particularly the excretion of chlorides, aro frequently 
affected by purely non renal factors 

The chloride content of the urine is very largely dependent on 
the diet, so that quantitative estimations of output are of very 
little value unless combined with estimations of the mtake Even 
on a constant intake of salt it apparently takes several days for a 
balance between input and output to be established In short, 
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urinary chlorides are only mentioned in order to warn the reader 
that their estimation is of little or no value as a measure of renal 
efficiency It is, of course, easy enough to shoir by simple 
qualitative tests whether or no the concentration of the urinary 
chlorides is diminished , but how often is such a diminution due 
to renal inadequacy * In nephritis with oedema there is obviously 
chloride retention, but often the more potent factor in reducing the 
urinary chlorides is restriction of salt in the diet Perhaps an 
example will make it clearer Two cases (A and B) of nephritis 
with oedema excrete respectively 1 and 5 gm of clilondea (calculated 
ns NaCl) m twenty four hours From this result we have no right 
to infer that A’s kidneys are less efficient than those of B A may 
be taking less salt than B 

De Wesselow claimed good results m clinical work from an 
estimation of the concentration of chlorides in the unne after a 
provocative dose of 4 gm of potassium chloride However, as in 
tests with sodium chloride Leiter found that the results depended 
greatly on the amount of chloride previously taken m the diet 
With KC1 there is little or no risk of seriously increasing the oedema 
m cases already cedcmatous as there was with some of the older 
NaCl tests The capacity of the kidney for chloride concentration 
appears to run parallel with its power of concentrating urea An 
apparent dissociation of the two functions is seen in cases of 
parenchymatous nephritis with gross anasarca, but this would 
appear to be due to impoverishment of the blood in chloride It 
may be suggested that the kidneys in chronic parenchymatous 
nephritis lack the opportunity rather than the capacity for excreting 
chlonde The oedema is possibly extrarenal in origin , it may be 
due to an alteration in the permeability of the capillaries generally 
Alternatively it has been suggested that it is due to excessive 
reabsorption by the renal tubules (Dunn) 

Estimations of the concentration of chlorides in the blood are 
disappointing When chlorides are retamed water is also retamed, 
so that the concentration of chlorides is little affected The effect 
of retention of water plus chlorides is oedema so that for clinical 
purposes the degree of oedema is the best measure of chlonde 
retention 

For a further discussion of blood chlondes the reader is referred 
to Chapter XIX 

C0 2 COMBINING POWER OF PLASMA 

(Alkali reserve plasma bicarbonate) 

The third function of the kidney in providing for the fine 
adjustment of the reaction of the blood is agam a difficult function 
to assess The kidney is only one of the factors in this adjustment 
and, therefore, when a deficiency in alkali reserve is demonstrated 
the kidney may or may not be damaged In other words, the 
plasma bicarbonate is of no value in the diagnosis of renal lesions 
but in known cases of kidney disease its estimation is valuable m 
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assessing the risks of acidosis Normally, the alkali reserve 
corresponds to 63 to 77 c c of C0 2 per 100 c c of plasma 

Damage to the kidnej s may be the direct cause of acidosis by 
impairing the excretion of phosphates and sulphates Also in 
severe renal disease the kidneys may be unable to excrete 
ammonia , or, in view of the work of Nash and Benedict, it may 
be more correct to suppose that the badly damaged kidney fails 
to change urea into ammonium carbonate The result of each of 
these failings would be the fixation of a larger proportion of plasma 
bases than normal, leaving less to be combined as bicarbonate 
For further discussion the reader is referred to Chapter IX 


BLOOD CHOLESTEROL 

Normally cholesterol is not excreted by the kidneys, or, at any 
rate, not in amounts exceeding 3 to 4 mgm per diem (Gardner and 
Gainsborough) Practically all the excretion of cholesterol is 
performed by the liver, vtd the bile In parenchymatous nepluatis 
with marked proteinuria quite appreciable quantities of cholesterol 
may be excreted m the unne, possibly m combination with globulin 
( ‘ lipoid globulin ”) There is no evidence that the kidneys have 
any direct effect on the concentration of cholesterol in the blood 
None the less, m certain renal conditions estimations of the blood 
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cholesterol are interesting (cf table, p 95} Thus, in nephntis 
with oedema the blood cholesterol is often raised It has been 
suggested that hypercholesterolemia in these cases is due to an 
attempt to neutralise toxins, cholesterol having antitoxic properties 
It is possible that owing to failure on the part of the kidney to 
excrete toxins, the cholesterol mechanism is called into play 
However that may be, estimations of blood cholesterol are sometimes 
useful in the diagnosis of chrome parenchymatous nephntis, and 
occasionally as a guide to prognosis and treatment in that 
condition, though it must be admitted thak ns a general rule such 
estimations are superfluous Normally the cholesterol content of 
whole blood is 100 to 200, and of plasma or serum 100 to 220 mgw 
per 100 c c In chrome parenchymatous nephritis the figures 
exceed 200 mgm , and may occasionally he as high as 800 mgm 
As the patient improves the figures tend to return to normal 

For further discussion of conditions influencing cholesterolienna 
the reader is referred to Chapter XIX 

'-'PLASMA PROTEINS AND SERUM CALCIUM 
These are considered more fully m Chapter XIX , the most 
striking alterations m kidney disease alone will be noted here 
Like blood cholesterol determinations, they are of academic interest 
rather than of practical value In nephritis with cederna (nephrosis 
especially) the total protein of the plasma falls, and this fall is 
limited to the albumin fraction That the proportion of albumin 
in the unne is at the same time increased was noted previously 
(p 26) as also that serum albumin has a smaller molecule than 
serum globulin (table p 27) The globulins of the plasma do not fall 
(an increase has at times been reported), with the result that there 
is a rise m the globulin expressed as a percentage of the total protein 
Moore and Van Slyke have shown that there is a critical level — 
about 2 5 per cent albumin and about 5 5 per cent total protein — 
above which oedema commonly does not, and below which oedema 
commonly does occur in untreated Bright’s disease 

The serum calcium may be lowered m nephritis, but tetany is 
seldom noted The hypocalcemia is associated either with low 
serum proteins — probably due to a coincident fall in that portion 
of the calcium which is combined with the serum proteins — as in 
nephrosis, or with an increase m the inorganic phosphate (p 101) 
as m azotemic nephritis The low calcium may be one factor in 
the causation of ursemic symptoms 

* JNDICAN^MIA 

J x Diazo Test ( Andrewes ’ Reaction) Andrewes noted that uremic 
sera gave a peculiar buff colour when Van den Bergh’s indirect test 
(see Chapter XII) was performed Further, and this is the 
characteristic part of the reaction, when NaOff was added the 
colour changed to pink or cherry red (Azobilirubm, on the other 
hand, turns from pink to green on the addition of alkali J Hewitt 
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studied this reaction and introduced a slight modification, thereby 
making the test simple and rapid, and suitable for cluneal purposes 
The reaction is due to mdican (Harrison and Bromfield) Marked 
mdicansemia is found only m severe renal inefficiency Large 
quantities of indoxyl compounds may be excreted in the urine in 
many diseases (see Chapter XIV), but the concentration in the blood 
does not rise appreciably if the kidneys are efficient If the test is 
positive then renal inefficiency is indicated, but a negative result 
does not exclude uraemia Such negative results in uraemia are, 
however, rare, and may possibly be explained by lack of formation 
of mdican Indoxyl is formed from tryptophan by bacterial 
decomposition in the intestine (see Chapter XIV), and is then 
conjugated in the liver either with sulphate to form potassium 
indoxyl sulphate (mdican) or with glycuronic acid The possible 
factors influencing the formation of mdican are, therefore, the 
intake of protein containing tryptophan, the type of intestinal 
flora, and the functional efficiency of the liver It is easy to imagine 
that negative Andrew es’ tests in uraemia are accounted for by 
variations in one or other of these factors 

Technique (see Harrison and Hewitt) Reagents (identical with 
those used in Van den Bergh’s test) 


Solution A 

Sulphamlic acid 
Concentrated hydrochloric acid 
Distilled water 
Solution B 

Sodium nitrite 
Distilled water 


1 gm 
15 c c 
to 1,000 „ 

0 6 gm 
to 100 c c 


The diazo reagent is prepared by mixing 10 c c of »olution A 
with 0 3 c c of solution B The mixture may be kept for at least 
a week at room temperature without loss of sensitivity so far as 
Andrewes’ reaction is concerned, although, of course the solutions 
A and B must be mixed freshly for use in Van den Bergh's test 
The mixture often turns slightly yellow after keeping for a day or 
two, but this does not matter m Andrewes’ test 

To 1 volume of Berum 2 volumes of alcohol (absolute or 96 per 
cent ) are added The precipitated proteins are separated by 
centnfugmg or filtering (A slightly improved extraction may 
be obtained by heating the mixture of serum and alcohol to the 
boding point ) To 4 volumes of the filtrate 1 volume of the diazo 
reagent is added The mixture is boiled thoroughly for half to 
one minute, and cooled A solution of 40 per cent caustic soda w 
added drop by drop 1 shaking after each addition 

The colour change on making alkaline with NaOH is the essential 
part of the reaction The test should be called positive only when 
a definite pink or cherry red colour is seen This pink colour is 
fleeting It may last for a few seconds only, and the mixture must, 

1 Om^Urop of 40 per cent \aOII is ample for 2 c c of filtrate plus 0 5 c c of 
diazo reagent 

earn xitbods. * 
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therefore,, be observed carefully ulnlsfc adding tiie NaOH In a 
few very severe cases of uremia the pink colour raaj persist for 
longer periods, even up to half an hour The test in its present 
form is only qualitative It has been found that the volumes 
recommended may be judged sufficiently well by eye without 
greatly lessening the sensitivity of the reaction 

II. Oxidation to Indigo Blue The quantity of indican m plasma, 
even in severe renal inefficiency, is so small that careful technique 
is necessary to obtam positive results The following application 
of Jolles’ test by Bolbger and Earlam is recommended , it is definitely 
more sensitive than the diazo test 

To 2 c o of plasma (or serum) add 2 c c of 20 per cent 
trichloracetic acid, mix and centrifuge To 2 c c of the supernatant 
fluid add 1 c c of 5 per cent thymol in alcohol, and 10 c c of 
Obermayer’8 reagent (see Appendix), mix well and set aside for 
twenty minutes Then add 2 c c of chloroform mix well and allow 
the chloroform layer to separate, or centrifuge Depending on the 
amount of indican, the chloroform may he deep lavender at once 
(+++). pale lavender at once (++), or show a pale lavender 
colour only after standing overnight (-f-), or be colourless 
immediately and next morning (0) 


•NOTES ON OTHER TESTS OF RENAL EFFICIENCY 
yAlrea Concentration Factor The urea contents of blood and of 
urine obtained simultaneously are estimated, and the ratio 


milligram mes of ure a per 100 c c of urine U 

milligrammes of urea per 100 c c of blood B 


is calculated MacLean determined this ratio under ordinary 
conditions of diet, etc In his experience factors of 60 to 80 were 
normal, 60 to 20 doubtful, and less than 20 dangerous Harrison 
calculated the factor from estimations made m the third hour of 
the urea concentration test, * e , after 15 gm of urea By this 
means the determination was made under more standard conditions , 
the results m health varied from 40 to 80 , Rabinowitch and others 
confirmed its value Van SlyLe and his colleagues pointed out 
that this method of determining the urea concentration factor was 
essentially the same as determining the standard urea clearance , 
it was the fact that fluids were withheld m the urea concentration 
test (c/ p 70), and not the giving of 16 gm of urea, that made 

this g ratio more satisfactory Provided that the unne volume is 
kept within ordinary limits, less than 2 c c per minute and as near 
as possible to 1 c c per minute the g ratio may be regarded as a 

useful substitute for the standard urea clearance test , if fluids are 
withheld overnight, this ratio may be of more practical assistance 
than attempts to estimate the clearance m patients with intention 
or mcontmence of urine, or in subjects who have difficulty w 
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completely evacuating the bladder or in micturating at fixed 
intervals (cf. remarks on blood urea clearance test, p. 88). 

Blood Non-protein Nitrogen. The non-protein nitrogen of the 
blood, as the name implies, includes all compounds of nitrogen 
other than proteins (».« , all nitrogen which is “ non-protein ” at 
the time of the analysis ; its previous origin from proteins or 
otherwise is immaterial). Thus the nitrogen of urea, uric acid, 
creatinine, creatino, ammo-acids and other substances (“ rest 
nitrogen ”) is included. The urea nitrogen in health generally 
constitutes from approximately one-third to slightly over one-half 
of the total non-protein nitrogen of the blood. 1 When, however, 
the non-protein nitrogen is markedly raised, the urea nitrogen 


Showing Increase m the Proportion of the Urea Nitrogen with 
Increasing Retention of Non-protein Nitrogen in the Blood 
tn Kidney Diseases 


Cue No 

nijm 

per 100 ce of * hole blood 

Urea nitrogen at 
percentage of 
non protein 
nitrogen 

S PN 

Urn 

Urea nitrogen 

I 

374 

585 

273 

73 

2 


592 

276 

81 

3 


501 

234 

84 

4 

166 

297 



5 

141 

237 

111 


6 

96 

154 

72 

75 

7 

73 

98 

4G 

03 

8 

GO 

85 

40 

67 

9 

CO 

67 

1 31 

r 52 

10 

54 

52 

24 

45 

11 

42 

39 

18 

43 

12 

37 

29 

14 

37 


XotM Casa 1 naa an adult, the remaining cases children in the Hospital for 
pick Children, Great Ormond Street 

Most of the patients had chronic interstitial nephritis 


i Contrast this with the condition existing in the unne, m which the urea nitrogen 
generally* constitutes a much higher proportion of the total (non protein) nitrogen 
(80 to 80 per cent on an average mixed diet) 
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constitutes a higher proportion of the total, and may even exceed 
80 per cent (cf table, p 99) * 

In other words, as the kidney becomes very grossly damaged the 
nitrogen partition of the blood approaches that of normal urine , 
the kidney loses its excretory power An estimation of -the blood 
urea is simpler than an estimation of the non protein nitrogen, 
and is, therefore, generally preferred as a routine measure Some 
writers claim, however, that the non protein nitrogen is of value 
because it is definitely raised in those cases of nitrogen retention m 
which the blood urea has been artificially reduced by Ion protein 
diets 

Normally the non protein nitrogen of the blood varies from 
25 to 50 mgm per 100 c c (see Chapter XIX) , 

Blood Creatinine Definite retention of creatinine in the blood 
only occurs when the kidney damage is gross Estimations of 
creatinine, therefore, are not of os much value as estimations of 
urea for diagnostic purposes But several writers have claimed 
that the creatinine determinations are of value in prognosis 
Values exceeding 5 mgm per 100 c c are considered indicative of a 
very serious prognosis m chrome renal lesions, the great majority 
of such cases dying within a few months 

Normally the blood creatinine lies between 0 7 and 2 mgm per 
100 c c but occasionally figures as high as 3 5 mgm are encountered 
in hospital patients m whom there is no evidence of renal disease 
Creatinine is distributed in approximately equal amounts between 
corpuscles and plasma 

Urinary Creatinine Estimations of the concentration of creatinine 
in the urine or of the total output in twenty four hours are of 
bttle or no value as measures of renal efficiency, but the excretion 
hourly or at intervals of fifteen minutes after £ gm of creatinine 
intravenously is regarded as valuable by Major 

Blood Unc Acid It has been claimed that unc acid is the first 
of the nitrogenous bodies to be retamed m azotiemic nephritis, and 
that, therefore, it is of value in the diagnosis of nephritis in the 
early stages as well as in the last stages in which there is, of course 
a general retention of nitrogenous waste products Urea is the next 
to be retained and creatinine the last Other workers, however, 
do not believe in the existence of this “ staircase ” effect They 
consider that when a failure of nitrogenous excretion sets in all 
three compounds are retamed simultaneously 

Normally the amount of unc acid m the blood vanes from 0 3 
to 4 mgm , and usually lies between 1 and 3 mgm per 100 c c It 
is 6hghtly higher m the first three or four days of life Thus most 
of the figures of Kingsbury and Sedgwick he between 3 and 5 mgm 
for the first four days of life At the end of the first week the blood 
unc acid usually lies between 1 and 3 mgm 

Whether or not the increased unc acid content of the blood m 
gout is due to retention by the kidneys is still not settled For 
further discussion see Chapter XIX . 

Diastase Tests The concentration of diastase (amylase) in the 
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urine is often subnormal m renal disease, but a low urinary diastase 
is not characteristic of kidney lesions The excretion of amylase 
may be subnormal simply owing to a diminished production of the 
ferment in the body If a diminished excretion is combined with a 
retention of diastase m the blood, severe renal disease may safely 
be inferred The estimation of diastase in blood and urine collected 
simultaneously (see Stafford and Addis, and Harrison and Lawrence) 
is not a delicate test of renal inefficiency, and has been almost 
universally discarded 

Sugar Content of Blood and Urine In a few cases of renal 
disease the threshold for glucose is lowered, causing one type of renal 
glycosuria In a fair number it is raised, causmg hyperglycajmia 
without glycosuria, but a raised threshold occurs in other conditions 
without associated kidney damage (notably in diabetes mellitus) 
In view of these points, and the fact that the level of blood sugar 
is largely controlled by other non renal factors (Chapter VII), 
sugar tests are generally regarded as useless aB measuies of renal 
efficiency 

Inorganic Phosphates in Plasma or Serum Retention of inorganic 
phosphates runs roughly parallel with retention of nitrogenous 
bodies, though de Wesselow finds the former more valuable in the 
prognosis of the azotsemic type of nephritis He considers that a 
figure above 10 mgm per 100 c c almost invariably indicates a 
hopeless prognosis Tins retention of phosphates is one of the 
factors causing acidosis in nephritis 


REFERENCES TO FURTHER TESTS 
In addition to the general accounts of tests of renal efficiency, 
given in the books mentioned at the begmnmg of this chapter, the 
following will be found of interest — 

11 ater Heals, combined with other teats 

Leathes J B Bnt Med J 1919 11 , 165 , and Lancet, 1920, n , 933 
Cadvert E G B Bnt Med J 1925, i 64 

Moeenthal s Test 

Mosenthad, H O Arch Int Med 1916, 16, 733 

MosenthAI, H O, and Lewis D S J Amer Med Assoc , 1916 67, 933 
/Idol's Ratio 

Addis T Arc* Int Med , 1922 30, 378 
Excretion of Potassium Iodide 

Rowntree L. G and Frrz, R Arch Int Med , 1913 11, 268 
Ltvder G C Quart J Med , 1922 15, 227 

Excretion of Lactose 

Rowntree L O , and Frrz R Arch Int Med , 1913, 11, 259 
Syntfests of Thppunc And from Benzoic Acid (Benzoates) 

Kjnosbtjby, F B , and Swanson V> W Arch Int Med , 1921, 28, 220 
Kingsbury, F B Arch Int Med , 1923 32, 175 


Leathes 'J B Bnt Med J 1919 it , 185 , and Lancet 19 o 0, u , 837 
BrUnton, C E J Physiol 1933, 78 65 
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SELECTION AND VALUE OF TESTS IN MEDICAL 
AND SURGICAL WORK 

It is difficult to give advice as to the selection of tests which 
shall be of general application, because at one centre certain tests 
are used more than others, and because it is not feasible for any one 
individual to gam extensive experience of all the tests that have 
been reported to be of genuine value In clinical w ork preference 
will naturally be shown for the simpler tests At the same time, 
as noted above (p 70), the urea tests are probably more widely 
used than any others, and by many clinicians almost exclusively 

Emergencies 

A patient is unconscious, and a tentative diagnosis of uraimia 
is made An estimation of urea in the blood or cerebrospinal fluid 
may often settle the diagnosis A figure of over 200 ragm per 
100 c c may be regarded as pathognomonic, as also would be a 
positive finding by a test for wdicamemia A blood urea between 
100 and 200 mgm would likewise be almost definitely in support 
of uraemia, but the significance of these, and certainly of figures 
between 50 and 100 mgm , should be established by estimating the 
urea concentration m the urine An isolated specimen of unne 
will do for this purpose, catheterisation often being necessary If 
a high blood urea is accompanied by a high concentration of urea 
m the urine, the raised value is probably due to a poor or failing 
circulation, anhydrcemia, etc , and is not indicative of renal failure 
If, on the contrary the urea concentration in the urine is low, the 
urea retention may safely be ascribed to renal damage In the 
former case the urinary urea often exceeds 3 or even 4 per cent 
in the latter it is generally less than 2 per cent It is particularly 
important to remember possible fallacies m interpreting blood urea 
findings m any moribund or gravely ill patient 

Medical Cases 

Urea tests Bhould be performed as a routine in order to obtam a 
measure of the degree of damage to function As a rule the urea 
concentration test should first be performed If the maximum 
exceeds 2 5 per cent , little additional information will be ob tamed 
from an estimation of the urea in the blood If the urinary urea is 
less than 2 5 per cent , resort should also be made to blood analysis 
If, for one reason or another, blood analysis is made in the first 
instance, then this should be checked by the urea concentration 
test, unless urea retention is gross, m which case the urinary test 
is superfluous Nowadays the estimations in blood and unne are 
often automatically combined m the “ blood urea clearance test ” , 
where that is the case the urea concentration test is generally 
omitted 

In the acute stage of nephritis urea retention does not nave tne 
eame serious import as in the chrome The blood urea frequently 
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falls as the acute process subsides The course of the disease may 
be followed by repetition of the testa at intervals of a week to a 
month A persistently elevated blood urea is of serious import 
In chronic nephritis, without oedema, urea tests are invaluable in 
assessing roughly the amount of damage to function, and as a guide 
to progress and treatment Occasionally a gross excess of urea in 
the blood is the first -warning of impending urcemia It may thus 
alter completely the clinical opinion The following is an example — - 
A little girl, age nine, undersized, had thirst and polyuria with slight 
proteinuria and a few casts She was up and about the w ard when 
blood vv as taken, for urea estimation purely as a matter of routine 
To everyone’s astonishment her blood contained 692 mgm per 
100 c c She was at once sent to bed, and next day she vomited 
and complained of headache for the first time She died from 
urrcmia in three days In chronic nephritis with oedema, nitrogenous 
(urea) retention accompanies chloride retention in the majority of 
adults, but in children purely chloride retention is much the 
commoner Urea tests are valuable when selecting cedematous 
patients for treatment with urea or by Epstein’s diet The reactions 
for mdicansemia are simple and are positive. only m gross renal 
inadequacy A negative test does not, however, exclude uraemia 
absolutely Cholesterol estimations though generally superfluous, 
are occasionally useful in nephritis with cedema m differentiating 
the type of nephritis (see table on p 95), and as a guide to treat 
ment Determinations of the plasma bicarbonate are valuable m 
detecting acidosis in nephritis, and in controlling the treatment of 
that condition by alkali 

In cases of high blood pressure the urea tests are valuable m 
separating those in which extensive renal damage has occurred 
The prognosis is worse in this latter class The tests do not 
differentiate nephritis which is primary from nephntis which is 
secondary to hypertension 

In other medical conditions, pyelonephritis, pyelitis, congenital 
cystic disease, renal dwarfism, etc etc , a selection of tests is made 
on the general lines given above 


Surgical Cases 

In conjunction with ureteric catheterisation the surgeon finds 
the dye tests invaluable in localising the side affected in stone, 
tuberculosis, tumour of the kidneys etc , or in coming to an opinion 
as to the condition of the “ sound side ” before performing a 
nephrectomy Of the dye tests the phenol red test alone lends itself 
to quantitative determinations Urea tests in tho segregated urmes 
are similarly of value , in fact, comparative estimations of a number 
of substances, potassium iodide, lactose, diastase, etc , etc , are 
equally of value, but the urea tests are perhaps the simplest Blood 
analysis and tests on the “ combined urine ” are of value xn the 
same way as in medical cases , in fact, the division into medical 
and surgical groups is largely an artificial one 
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A large group of surgical cases is characterised by obstruction, 
and of this group cases of enlarged prostate are by tar the most 
numerous Here, agam, the urea tests are the most frequently 
employed, but the part played by obstruction rather alters the 
mterpretation of the results It is common for the retamed products 
m the blood to fall rapidly after relief of the obstruction, and an 
initially raised blood urea does not generally have the same serious 
significance as in the medical group None the less the degree of 
urea retention is of great assistance to the Burgeon in deciding 
whether he shall operate in one or two Btages m cases of enlarged 
prostate Of course, the urea tests are an extension of the clinical 
examination, and the meaning of the results must be arrived at 
m conjunction with the clinical data For this reason one must 
be wary in making any ** rules,” but many surgeons from experience 
generally prefer a two stage operation whenever the initial blood 
urea exceeds 100 mgm per 100 c c The blood urea clearance test 
is often unsatisfactory in prostatic and other obstructive cases 
owing to the difficulties of accurately collecting urine at measured 

intervals of time The g ratio (see p 98), determined after 
abstention from fluid overnight, is more practicable 
Obstetric Cases 

Renal efficiency tests are rarely of much value m pregnancy 
The blood urea is low er m the later months of pregnancy than in 
the non gravid For this reason values above 40 mgm per 100 c c 
may be regarded as definitely pathological The chief value of 
the urea tests is in helping to differentiate chrome nephritis 
complicated by pregnancy from the toxaemias of pregnancy In 
the latter group the urea results very commonly fall within the 
normal limits for the pregnant woman 
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CHAPTER VI 


REDUCING SUBSTANCES IN THE URINE-GLYCOSURIA, 
LACTOSURIA, PENTOSURIA, etc. 

Books The reader will find the subject discussed in most books of 
chemical physiology and of clinical diagnosis Tor a review of sugars 
other than glucose, see Garrod, A E , Quart J Med , 1909, 2, 438 The 
following account is an attempt to face the problems in the way they 
are most commonly met with in clinical work Tor a full and interesting 
description of pentosuria and alkaptonuria reference should be made to 
Garrod’s Inborn Errors of Metabolism The whole question of glycosuria 
and the significance of the other reducing substances is discussed in detail 
in works on diabetes mellitus, e g , Joslin’s Treatment of Diabetes Mcllilus 
Allen’s Glycosuria and Diabetes, Graham’s Pathology and Treatment of 
Diabetes Mellitus, etc 

We have seen how the detection of protein m the urine should 
be followed by an examination of the unnaiy deposit, and have 
reviewed some of the renal efficiency tests that may be used to 
extend further the examination of proteinuncs We now turn to 
the problems that follow the detection of “ sugar ” (reducing 
Buhstances) in the urine 

Many substances besides glucose reduce cupnc solutions As a 
practical working rule, if the amount of reducing substance is 
considerable and if there are typical symptoms of diabetes mellitus, 
it may safely be assumed that the reducing substance is glucose 
In all other cases additional tests should be performed Very 
commonly the next step taken is an estimation of the blood sugar 
(Chapters VII and VIII) If there is obvious hyperglycaemia 
(blood sugar above 200 mgm per 100 c c ), it is fairly safe to assume 
that the reducing substance is glucose In the absence of obvious 
hyperglycgemia the nature of the urinary reducing substance should 
always be determined 


QUALITATIVE TESTS FOR REDUCING SUBSTANCES 
(“SUGAR ”) 

A large number of tests have been devised for detecting the 
reducing substances which may occur in unne/ but m clinical 
medicine only two are commonly used, viz , Benedict’s and 
Fehbng’s tests Reference is also made below to Nylander’s test 

Benedict’s Test (Qualitative) 

Cupnc sulphate in alkaline solution is reduced to cuprous oxide 
by boiling with reducing agents Although intermediate reduction 
* . 108 
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products in the form of green precipitates may. occur, it is a sound 
practical rule to ignore these, and to regard Benedict’s test as 
positive only when a yellow or red precipitate of cuprous oxide is 
seen It may be necessary, when the quantity of reducing substance 
is small, to wait for ten to fifteen minutes after the boiling to allow 
the mixture to cool and the precipitate to settle to the bottom of 
the tubo There is then no difficulty in deciding whether or no a 
yellow precipitate has formed A white or greyish white precipitate 
is of no significance, since it is due to the earthy phosphates in the 
urine 

Benedict’s reagent will detect “ sugar ” in unne when it amounts 
to 0 16 per cent or higher There are traces of “ sugar ” in normal 
urine, but not sufficient to reduce Benedict’s reagent About 1 gm 
of reducing substance is excreted in the twenty four hours by a 
normal person, but the concentration in anj given specimen rarely 
exceeds 0 1 per cent When the unne is very concentrated, 
Benedict’s reagent may be reduced by unc acid and creatinine 

Benedict’s solution is more sensitive than Fehhng’s, and, at the 
same time is less likely to be reduced by normal urinary ingredients 
It is therefore, to be preferred for routine use Benedict’s 
quantitative solution has a different composition from the qualitative 
reagent, and when reduced yields a white instead of a jellow 
precipitate This is noted here because the writer has met with 
instances in which glycosuria was missed owing to the employment 
of the quantitative reagent for qualitative tests 

In Benedict’s test it is recommended that 8 drops of urme be 
added to 6 c c of the reagent Seeing that the size of a drop vanes 
with the external diameter of the tip of the pipette used, and also 
on several other factors, either the volumes of the urme and of the 
reagent should be measured quantitatively, or the volumes of both 
should be determined approximately as detailed in Chapter II 
Tor careful work it is recommended that 6 c c of reagent be heated 
with 0 5 c c of urme m a boiling water bath for five minutes Under 
these conditions the Benedicts solution is completely decolorised 
when the urme contains 2 per eent or wore of reducing substance 
{a&kxil&ted as glucose) 


Fehhng’s Test 

The principle in this test is the same as in that of Benedict, 
cupric sulphate being reduced to cuprous oxide The copper 
solution, however, is made up with stronger alkali For that 
reason small quantities of sugar are more likely to be caramelised, 
and so rendered ineffective as reducing agents Hence Fehlmg’s 
solution is not so delicate as Benedict’s Moreover, Fehlmg’s 
reagent is more apt to yield greenish precipitates, owing to the 
action of the stronger alkali on normal urinary ingredients In 
connection with these greenish tints, bowover, it should be 
remembered that, from a purely clinical point of new, they occur 
only when the amount of reducing substance is \ ery small, and. 
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therefore, they may generally he disregarded There is one 
advantage in favour of Fehling’s solution owing to the fact that 
it is a less delicate test, it may more conveniently be used as a rough 
measure of the quantity of sugar when such is present in moderate 
or large amounts (see later) 

When testing with either Benedict’s or Fehling’s solution, a 
large amount of protein may cause trouble, owing to the precipitate 
of coagulat ed protein on boiling In fact, the decomposition products 
of the protein may actually reduce the cupric solutions if boiling be 
prolonged The difficulty is easily overcome by coagulating the 
proteins m the original urine, filtering and testing the protem free 
filtrate for sugar In urmes containing small or moderate amounts 
of protem no difficulty is experienced, ‘and removal of protem is 
unnecessaiy 

For biuret reactions at room temperature with Feblmg’s or 
Benedict’s reagent, see p 2D 


Nylander’s Test 

Bismuth subnitrate in alhalme solution (bismuth hydroxide) is 
reduced by glucose and other reducing sugars to metallic bismuth 
on heating The test is not now used widely, and is open to several 
fallacies Thus protem will give a colour change similar to glucose, 
and must, therefore, be removed from the urine by boiling and 
filtering before applying the test Urmes rich in mdican or con 
taming large quantities of urochrome, uroerythnn or porphyrin 
may darken when boiled with Nylander’s reagent, and yield 
precipitates Bimilar in appearance to that obtained on testing a 
urine containing sugar Apart from these limitations, however, 
the test is a useful one 


THE SUBSTANCES WHICH REDUCE CUPRIC SOLUTIONS 
In addition to glucose, other reducing sugars may he present in 
urine, viz , fructose, lactose and pentoses Maltose and galactose 
have been reported, but their occurrence m human urine is so rare 
that they need Hot be considered As already mentioned, in 
concentrated urmes a reduction by creatinine and uric acid may 
occur Likewise a sbght reduction may be caused by glycuronates 
In addition to those drugs which have been conjugated with 
glycuromc acid, there are a few others of which the excretion 
products may reduce copper solutions, e g , salicyluric acid following 
the administration of salicylates Lastly, homogentisic acid, which 
is excreted in the rare condition alkaptonuria, also reduces cupno 
solutions 

There are three mam testa which are employed in clinical work 
for the identification of reducing substances, viz , fermentation 
test preparation of osazone crystals, and examination with a 
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polariscope The results of the application of these three tests are 
given in the following table — 


Reducing Substance 

Ferments 
t on Teot 

Formation of an 
Osazone 

Rotation of Plane of 
Polar sell Light 

Uric acid and croattnmo 

Neg 

No 

Ntf 

Glycuronates (drugs) 

Neg 

Yea 

(like glucosazone ) 1 

L«vo (free 
acid dextro ) 

Salicyluric acid 

Neg 

No 

Xtl 

Homogentisic acid 

Neg 

No 

Nit 

■ 

Dovtroso (glue 080 ) 

Positive 1 

Glucosazone 

Dextro 

Scouts j 

Leevulose (fructose) | 

Positive 

Yes (identical 
witb glucosazone) 

Lac vo 

Lactose 

Neg 

Lactosazone 

Dextro 


Pentoses 

Neg 

Yes (like 
glucosazone) 

Vary some in- 
active others 
doxtro 


The fermentation test is the most useful in clinical work, because 
it excludes everything except glucose and fructose A positive 
result must signify the presence of one or other of these two sugars 
Fructose may be detected by Sehwanoff's test (see later) It is 
not generally realised, perhaps, how limited is the value of the 
osazone test, as generally carried out in medicine, t e , preparation 
and microscopic examination of the crystals It is not usual ly a 
practical proposition to separate, purify and determine the melting 
point of the osazone It will be seen from tho table above that the 
successful preparation of crystals broadly speaking, indicates that 
sugars or glycuronates are present When typical lactosazone 
crystals are obtained, there is no mistaking them, but the con- 
centration of lactose in unne is usually small, and it is often not 
easy to prepare /actossszufte crysfote at all , a Jurat 0 5 per cent of 
lactose must be present for osazone crystals to be obtained by 
the ordinary method (White) Moreover when the crystals are 
few and small it is often impossible to be sure simply from their 
form, from what sugar they have been derived Unfortunately it 
is particularly in such cases, with mere traces of reducing substances, 
that tests for identification are required In conclusion, the osazone 
test is regarded as a useful confirmatoiy test, but the fermentation 
test should always be performed simultaneously 

The adsorptive action of charcoal *may be used for increasing 
the sensitivity of the osazone test Thus Hassan treated normal 
unnes with charcoal to remove interfering substances and obtained 
osazone crystals from the filtrate Cole (see his Practical 
Physiological Chtmistry) uses charcoal for adsorbing lactose from 
urrno in lactosuna , the charcoal precipitate is separated and 
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extracted with acetic acid, and the osazone test is performed on 
the concentrated extract , glucose and pentoses also are adsorbed 
to some extent, so Cole’s technique is not specific for lactose 

As a means for identification of small amounts of reducing 
substances in unne, polariscope examination is of little value 
This is not surprising if it he remembered that with the ordinary 
type of polanscope a 1 per cent solution of glucose only gives a 
rotation of the order of 1 degree In clinical work, therefore, this 
last test is frequently omitted 

SCHEME FOR IDENTIFICATION OF REDUCING SUBSTANCE 

The following is a practical method of investigating urines 
containing small quantities of reducing substance As indicated 
on p 106, it is not required when there is much " sugar ” and 
clinical symptoms of diabetes are present 

Confirm the reported presence of reduction using 5 cc of 
Benedict’s reagent and 0 6 c c of unne Blackemng of the boiled 
mixture would at once lead to the suspicion of alkaptonuria, in 
which event apply the special tests given on p 119 

Next test a portion of the unne with 10 pei cent FeCI 3 solution K 
for salicylates (c/ p 231) The excretion o f salicyluric acid alter \ 
the administration of aspirin or sahcjlates is a frequehlcouse of / 
a slight reduction, 60 it xs wise to consider this possibility straight > 
away If the feme chlonde test is positive, request that the drug 
be stopped and test subsequent samples of urine to show that the 
reduction has ceased 

Then perform the fermentation test As already noted, tf the 
fermentation lest is positive the reducing substance must he glucose 
or fructose. To distinguish between these two, Seliwanoff’s test is 
performed 

Seliwanoff’s Test for Fructose (Laevulose) 

To 5 c c of SeliwanoS e reagent (0 05 per cent resorcinol (m dihydroxybenzeno) 
m 33 per cent v/v HCf) odd 0 5 c c of unne and bring just to the bod The presence 
of 1 32 villose is indicated by a red colour Treat 0 5 c c of normal urine simdnrly 
for comparison The test will detect 0 1 per cent of fructose readily, unless much 
glucose also is present for glucose reduces the sensitivity Further if the amount 
of glucose is large it alone may give a positive reaction , this possibility is increased 
i{ boding be profanged Fructose nr decomposed by SCI mom msddy tk&n 13 
glucose to yield u hydroxymethyl furfuraldehyde which condenses with resorcinol 
to form a red compound 

If the fermentation test is negative, the possible causes of reduction 
are lactose, pentose, glycuronates, uric acid and creatinine, and 
slight traces of glucose insufficient to be detected by fermentation 
(homogentisic acid and salicyluric acid have been dealt with) 
Therefore perform next the osazone test The possible findings 
are — • 

(а) Typical sheaves of phenyl glucosazone (Fig 26, p 114), 
which considered together with negative results for other reducing 
substances and the clinical history, are sufficient to diagnose glucose 

(б) Typical “ hedgehog ” crystals of phenyl Iactosazone winch 
show that lactose is present provided that the clinical history is 
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compatible ; but as noted previously (p. 109), most cases of lactosuria 
do not yield typical crystals (Fig. 26, p. 114.) 

(c) Spherical clusters of small acieular crystals (Fig. 26, p. 114) 
which may be due to lactose, glycuronates or pentoses. 1 In this 
case the special investigations given below must be earned out. 

(d) A negative osazone test, in which case the reduction may 
be due to traces of lactose or of glycuronates, or to uric acid and 
creatinine, and again the further investigations are required. 

The special investigations referred to under (c) and (d) are as 
follows : — 

If the reduction occurs in the urine of a nursing or pregnant 
woman, or in the unne of an infant, especially when m i Mr sugar 
has been added to the feeds, lactose should be suspected ; adsorption 
by charcoal may be tried (see p. 109) in order to obtain lactosazone 
crystals, but the clinical history, coupled with negative results for 
other reducing substances, is often the most useful guide. 

If drugs conjugated with glycuronic acid (for list of such drugs, 
see p 117) are suspected as the cause of the reduction, tests for 
drugs in unne should be performed (see Chapter XI) and the 
effect of discontinuing the drug noted. Glycuronates conjugated 
with putrefactive bodies (see p. 117) are in theory a possible cause 
of a slight reduction, but m practice the writer has never met with 
an example. There are no simple and trustworthy tests for 
glycuronates in urine. 

Bial’s orcinol test is most commonly employed for the recognition 
of pentose in unne , it is important, however, that the proportion of 
urine recommended below be adhered to, otherwise false positive 
reactions may be obtained with urines containing glycuronates or 
even with normal urines 

Bial’s Test for Pentoses 

The reagent is prepared by dissolving 04gm of oremol (m-dihydroxy toluene) 
m 200 c c of concentrated A R. hydrochloric acid (S G. 1-15 to 116) and adding 
05 cc of 10 per cent feme chloride 

To 5 c c. of Bial’s reagent m a test tube add 0 5 c c. of unne and bring just to 
the boil. Allow tlic mixture to stand /or fire to twenty minutes Under these 
conditions pentoses yield a green colour and, if present ra quantity, a bluish green 
precipitate Glycuronates wit! give the same reaction only if the urine and roagent 
are thoroughly boiled together 

Spectroscopically the green fluid shows a'charactenstic absorption band betweert 
the C and D lines and overlapping the D line (Fig 4§, p 220) A second band nearer 
the red end of the soeetrum and a fainter band iq the green are not of diagnostic 
significance (Garrod) The gr-en pigment is extracted on shaking with amyl alcohol, 
and the extract has the same absorption band(s) It is helpful to treat 0 5 c o. of 
normal unne similarly for companion Rial's test will detect readily 0 l per cent, 
of arabinose added to normal urine If glucose or fructose also is present, it may 
be removed first by fermentation Unne containing fructose gives a deep red colour 
when tested by Rial's method, as might be expected from tho similanty of the tost 
to tliat of Sehwanoff, for in both methods the carbohydrate is decomposed by IICl 
to jield aldehydes of the furfural type, which condense with the phenol (resorcinol, 
orcinol) to form coloured compounds 

An estimation of pentose may be made in urine by McCance’s 
method, if the nature x>f the pentose is known. 

1 I’entosazones (Fig 26, p 114) after purification liave M P. 150 to ICO® C, and 
nitrogen content of 17 07 per cent 
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As an aid to memory, it may be noted that m each of three 
tests, Benedict’s qualitative, Sehwanoff s and Bial’s, 5 c c of 
reagent and 0 5 o c of urine are employed 

Lastly, if the above investigations have failed to account for a 
slight reduction, provided that the urine is concentrated, it may be 
ascribed to uric acid and creatinine. 

It should be remembered that the reduction of cupric solutions 
may be due to a mixture of substances, e g , dextrose and lactose, 
dextrose and pentose, etc 

For further tests and fuller details as to the separation and 
identification of the various reducing substances, the reader is 
referred to larger u orhs 

Techmque of the Fermentation Test 

Glucose and fructose are fermented by yeaat with the formation of alcohol and 
carbon dioxide The test as applied in clinical medicine consists in the demonstration 
of gas (CO,) formation and the subsequent testing of tho fermented urine with 
cupric solution to see whether all the reducing substance has been removed Gas 
formation is usually obvious In two to four hours if the test is performed at 37® C 
Fermentation is usually complete in twenty four hours 

Many forms of apparatus havo been devised from an inverted test tube to an 
Emhorn s saccharometer (Fig 24) A simple and an inexpensiv e form which has 
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been used in the author's laboratory for several years is shown at (d) A piece of 
glass tubing is closed at one end and bent into the form of a U tube The unne and 
yeast, etc , aro mixed in a test tube, and the contents of the tube are transferred to 
the U tube, which is easily filled by tilting, and so displacing the air which escapes 
through the open limb 

In order to carry out the fermentation test satisfactorily, several control tubes 
Bhould be put up In the first place, the yeast (brewer's, baker’s or compressed) 
should be thoroughly washed with distilled water to remove adherent sugar 

Take a piece of yeast, the size of a large bean, and shake it up thoroughly with 
distilled water Filter (e g , on a Buchner funnel) and wash the yeast on the filter 
paper again with water to remove all sugar Boil the urines to kill organisms and 
to drive off gases in solution, and allow them to cool to room temperature or to 
37° C Tako four test tubes. A, B, C and D, and place a portion of the washed 
jeast, the size of a pea in each To A add about 10 c c of the cooled boiled unne 
to be tested To B add about 10 c c of cooled boiled normal urine To C add 
about 10 c c of cooled boiled normal urine together with a large knife point of solid 
glucose To D add about 10 c c of distilled water Thoroughly mix the contents 
of each test tubB by shaking set aside for a few minutes to allow air bubbles to 
escapo and then transfer some of the contents to corresponding IT tubes. A, B C 
and D as illustrated in Fig 25 Place the four U tubes vertically in some convenient 
receptacle [eg, a cigarette tin with sides perforated) in a water bath at 37® C 
Usual!} gas formation will be obv ious in two to four hours 

In tube D there will bo no gas if tho yeast has been washed properly In tube C 
there should be a largo quantity of gas , this is to show that the \east is of good 
quafitj and is working well In B there is usually no gas though occasionally a 
minute bubble may form, presumably owing to the fermentation of the minute 
amount of sugar which occurs in normal urine It is not absolutely essential to 






WASHED YEAST 
PLUS (BOILED) 
URINE TO BE 
TESTED 

POSITIVE REACTION 



HO GAS FORMATION PLUS GLUCOSE NO GAS FOUHATION 
ABUNDANT GAS SHOWS 
THAT YEAST IS ACTIVE 
Fra 25 Fermentation test 


put up normal unne as a control in this way, but it is instructive particularly as a 
comparison in cases in winch tube A shows only a small bubble In tube A tJiere 
will or will not be gas depending on whether fermentable sugar is present or not 
(Fig 25) 

At first sight the above procedure may seem unnecessarily complicated but it 
renders tho test much more delicate and concluaivo in just thoso cases where it is 
most wanted viz , cases m which tho concentration of reducing substance is small 

Tho author has 6een students misled by each of the points which tho above 
procedure av oida, viz , evolution of gaa by organisms other than tbo yeast, gas 
driven out of solution by nse in temperature from tliat of tho room to 37* C , gas 
formed from the sugar adherent to unwashed yeast, absence of gas owing to inactive 
yeast, and absence of gas owing to inactivation of yeast by mixture with very hot 

Next day, some of tho urine in tube A is ogam tested with Benedict’s solution to 
see whether or no all the reducing substance has disappeared At the end of tbo 
test it is a wise precaution to render the unne in the fermentation tube strongly 
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alkaline with NaOH, when, of coureo, CO, will bo absorbed Any unabsorbed gaa 
will be air that has been introduced accidentally when filling the fermentation tube 

Technique of the Osazone Test 

Using Fhenylhydrazine Hydbochtlokide Take about 10 c c of urine in n 
test tube, and make acid with acetic acid Then add os much phenyl hydrazine 
hydrochloride as will ha on a sixpenny piece and twice that bulk of sodium acetate 
Mir thoroughly, heat till solution has occurred, and filter Place the tube containing 




REDUCING SUBSTANCES IN THE URINE 11 

water bath There is no need to filter Frequently osazone crystals will appear in 
ten or fiftoen minutes If not, leave for half an hour, and then turn out the flame, 
but do not remove the tube Mount and examine any crystals under the microscope 

CHEMICAL TESTS IN INTERMITTENT “GLYCOSURIA” 
(t e , WHEN REDUCING SUBSTANCES APPEAR INTER- 
MITTENTLY) 

The occurrence of traces of reducing substances in the unne is 
one of the bugbears of life insurance work Similar problems occur 
in other routme urinary examinations, e g , before operation, etc 
The first thing to do is to determine the nature of the reduemg 
substance as described m previous sections If the reduemg 
substance is not glucose it can be ignored from a purely practical 
point of view, if the clinical condition is sound If the reducing 
substance is glucose, then a blood sugar estimation should be 
performed The interpretation of the blood sugar finding is dealt 
with in the next chapter, but if the glycsemia is 200 mgm per 
100 c c or over, the glycosuna is almost always pathological If 
the blood sugar is less than 200 mgm , or if there is any doubt after 
the isolated blood sugar test, a blood sugar curve should be made 
in order to decide the significance of the glycosuna (Chapter VII) 

If ketonurfa accompanies the glycosuria, diabetes melhtus 
should be suspected {and carefully excluded), but it should be 
remembered that ketonuna (Chapter IX) may occur in many 
conditions apart from diabetes The combination of glycosuna 
with ketonuna is by no means diagnostic of diabetes 

THE CLINICAL SIGNIFICANCE OF THE VARIOUS 
REDUCING SUBSTANCES 

Glucose or Dextrose 

It is a good rule when abnormal amounts of dextrose in the 
unne have been demonstrated, to regard the case as one of diabetes 
melhtus unless some definite cause for the glycosuria can bo found 
The significance of glycosuna will be discussed more fully in the 
next chapter in connection with the interpretation of blood sugar 
curves Here it is only necessary to note that thero are many 
causes of glycosuna besides diabetes Of these the most important 
clinically are (1) renal glycosuna which is of two types (a) with 
and (6) without a demonstrable kidney lesion , (2) lag glycosuna , 

(3) glycosuna due to disturbances of the ductless glands , 

(4) glycosuna associated with infectious and septic conditions , 

(5) glycosuria associated with increased intracranial pressure 
(meningitis, cerebral haemorrhage, fractured skull, intracranial 
tumours, etc ) For a full discussion of glycosuna the reader is 
referred to Allen’s book It is rare to find glycosuna m liver disease 
uncompkcated by pancreatic disease Opinion is divided as to 
whether or no a true physiological " alimentary glycosuria ” exists 
at all According to some authorities it is impossible to cause 
glycosuna in healthy individuals however large the doso of glucose 
Provided thatTenal glj cosum and lag glycosuna have been excluded 
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by blood-sugar curves (see next chapter), in actual practice it must 
be seldom, if ever, that the alimentary glycosuria is not pathological 

Fructose or Lrevulose 

Fructosuna is a relatively uncommon condition LavuloaC is 
sometimes excreted together with glucose m di abetes mellitus. but 
in diabetes it is not likely to be detected unless specially looked for, 
and it has no special significance in this condition Alimentary 
fructosuna is occasionally encountered , this is generally due to 
mgestion of fructose as such, but a few “ spontaneous ” cases have 
been reported which are regarded as having been caused by the 
eating of food containing fructose, e g , certain fruits In the 
laboratory fructosuna is commonly met with m the lasvulose test 
of liver efficiency (see Chapter XII) The renal threshold is certainty 
much lower for fructose than for dextrose Thus the laivulose test, 
when performed on healthy adults often leads to excretion of the 
sugar even after doses as small as BO gm 

The occurrence of fructosuna suggests the necessity of an mquny 
into the condition of the liver, but fructosuna itself calls for no 
treatment In cases of alimentary fructosuna without hepatic 
lesion the blood sugar lies within normal limits Reference to the 
blood sugar m the laivulose test of fiver efficiency is made later 
{see Chapter XII) In diabetes, fructosuna is usually associated 
with hypergty ciemia and dextrosuna 

Lactose 

Lactosuna is common m nursing mother s, and is particularly 
apt to be found in mothers who recently have had to c eare_E ildJmg. 
It has often been stated that lactosuna is not uncommon in the 
last fe w weeks of pregnanc y, but Winter found that the urines of 
only two out of twenty seven mothers at this time contained a 
reducing substance which m each case was glucose , further 
investigation is required Lactose may appear in the unne of 
pat ients who have been on a milk diet for a long time Lactosuna 
has also been reported m infants, particularly when lactose has 
been added to the feeds It may occur in b reast fed infants suffering 
fr om gastro enterit is An alimentary lactosuna may occur in 
healthy individuals after ingestion of lactose The actual limit of 
assimilation m adults probably vanes considerably in different 
individuals At any rate, the limits given by different workers \ arj 
from 30 to 120 gm Fofin and Berglund state that lactose as such 
is present in the urine after the ingestion of lactose unless the amount 
taken is les3 than 30 gm 

Pure lactosuna does not require any treatment Its importance 
lies m the differentiation from true glycosuria In cases of pure 
lactosuna the blood sugar lies within normal limits 

Pentoses 

An alimentary pentosuria (pentosanuna) is occasional y 
encountered in the “fruit reason An inquiry should bo made 
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into the diet, particularly as regards the ingestion of large quantities 
of cherries, damsons, plums, or fruit juice The kidneys excrete 
all the pentoses which reach them The ingestion of even \ gm of 
pure arabinose may cause pentosuria A few diabetics excrete 
pentoses together with dextrose Otherwise pentosuria is practically 
confined to rare individuals suffering from an inborn error of 
metabolism The Jewish race appears to be particularly prone to 
the condition, in which the amount of pentose excreted usually 
lies between 1 and 7 gm m twenty four hours 

The occurrence of pentose in the urine does not call for any 
treatment, though, of course, associated conditions (e g , diabetes) 
may need attention Very few estimations of the sugar in the 
blood have been made in pentosuria, but in the reported cases the 
blood sugar lias been normal except in those instances m which 
pentosuria is an accompaniment Of diabetes (c/ Rabmowitch) 

Glycuronates 

Glycuronic acid may be excreted in the unne m combination 
either with drugs or with products of intestinal putrefaction The 
formation of these compound glycuronates is a protective mechanism, 
and the seat of their formation is the liver In tins way the liver 
renders such substances innocuous before passing them on to the 
general circulation from which they are finally excreted by the 
kidnej a m the urine The chief drugs thus conjugated are antifebrin 
(acetanilide), antipynne (phenazone), pyramidone (amidopyrm), 
camphor, chloroform, chloral, morphine, menthol, naphthol, phenol, 
thymol oil of turpentine, etc The chief putrefactive bodies thus 
conjugated are mdoxyl, ekatoxyl, phenol, paracresol, etc As 
already mentioned, when drugs are suspected as the cause of 
glycuronate formation, the effect of discontinuing the drug should 
be observed If excessive intestinal putrefaction is suspected, the 
effect of a purge should be tried Putrefactive bodies may be 
excreted as glycuronates, or as ethereal sulphates, or m both ways 
but mdieanuria is not necessarily accompanied by an excessive 
excretion of glycuronates "When the unne contains traces of a 
reducing substance a positive test for mdican should not be regarded 
as evidence in favour of the reduction being due to glycuronates 


Reduction following Administration of Drugs other than those 
Conjugated with Glycuronic Acid 
Salicylates have already been mentioned as being excreted (in 
part) as sabcylunc acid This is an example of kidney synthesis, 
glycine (ammo acetic acid) being combined with salicylic acid 
(o hydroxy benzoic acid) to yield salicyluric acid (o hydroxy benzoyl 
glycine, or o hydroxy hippuric acid) (Chapter XI) The latter 
reduces cupric solutions if present in more than traces 

Owing to the great frequency of administration of salicylates 
and their derivatives— particularly aspirin (acetyl salicylic acid)— 
thev arc a very common cause of slight reductions of cupric solutions , 
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so much so that, as noted previously, it is a good plan to test for 
salicylates by adding feme chloride solution ( cf Chapter XI) to 
all urines which have been found to contain traces of “ sugar ” 

Alkaptonuria 

This is a very rare condition, and is due to an inborn error of 
metabolism whereby tyrosine and phenylalanine arc incompletely 
broken down, with the result that homogentisic acid (paraddijdroxy 
phenyl acetic acid) is excreted m the urrne The homogentisic acid 
is formed both endogenously and exogenously , its daily output 
commonly amounts to 4 or 5 gm 

The fresh urine is of normal colour On standing it turns brown 
in a few hours, and may eventually become black This darkening 
is due to the conversion of homogentisic acid by atmospheric 
oxygen into brown or black oxidation products the chemistry of 
which is not known , the final oxidation product behaves in inanj 
ways like melanin, and may be termed “ melanm like ” until such 
tune as it has been more fully studied The darkening of the urine 
is much more rapid with an alkaline than with an acid reaction, 
but darkening in air does occur slowly even though the reaction be 
kept acid 

When the urine is allowed to stand without the addition of a 
preservative, it becomes alkaline in a few hours owing to the 
conversion of urea into ammonium carbonate by bacterial action 
and it turns brown If tlie sample is not disturbed it darkens from 
the surface downwards If alkali (ammonia, caustic soda or potash) 
is added in excess, the fresh urine darkens in a few seconds, 
particularly if well shaken 

If toluene is added as a preservative, both the admission of air 
and the multipbcation of bacteria are retarded, but not stopped, 
so that the darkening is slower Darkening may be prevented for 
weeks or even months by adding 5 cc of sulphurous acid (water 
saturated with S0 2 ) to each 100 c c of urine, but unfortunately 
this preservative interferes with subsequent testing The free S0 3 
may be removed by adding porcelain chips and boiling vigorously 
for a few minutes, but some of the added S0 2 invariably combines 
with urinary bases to yield soluble sulphites which cannot be so 
s imply removed Moreover, even after removal of free S0 2 , the 
reaction of the unne is very acid , neutralisation with NaOH, 
however, fails to make the feme chloride test satisfactory, although 
it enables the reduction of salts of copper and silver to be 
demonstrated properly 

Owing to the above mentioned oxidation of homogentisic acid, 
linen soiled with alkapton urine becomes stained reddish brown or 
brown This may be the initial observation that leads clinically 
to the detection of the condition, but probably the behaviour of the 
unne when tested with cupnc solutions more often leads to the 
diagnosis 

When alkapton unne is boiled with Benedict’s qualitative 
reagent, the mixture assumes a strikingly greenish brown or greenish 
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black hue , the precipitate at first appears dirty brown in colour, 
but on standing the usual yellow colour of cuprous oxide is evident 
With Fehling’s solution a similar appearance is obtained, but the 
heated mixture is black, the deeper pigmentation being due to the 
use of a larger proportion of urme m Fehling’s than m Benedict’s 
test , the precipitate at first appears greyish black, but later 
separates and is red 

If the alkapton unne is layered upon the Benedict’s or Fehling’s 
solution, a brown ring forms at room temperature at the junction 
of the two fluids, owing to the action of the alkali of the cupric 
solution 

Alkapton urme is neither dextro rotatoiy nor lajvo rotatory, 
and is not fermented by yeast 

It reduces ammoniacal silver solution m the cold This may 
easily be shown by adding about 0 5 c c of the unne to about 5cc 
of 3 per cent silver nitrate, and mixing , on adding a few drops of 
10 per cent v/v ammonia solution, the mixture turns black 

It is not so widely known that alkapton unne will reduce silver 
nitrate in the cold in the absence of ammonia, although the observa- 
tion is an old one (cf Smith) If about 0 5 c c of the urme is mixed 
with about 5 c c of 3 per cent silver nitrate, there is an immediate 
white precipitate of silver chloride, and then the mixture, m a few 
seconds to a minute or two, turns grey, grey black with a blue sheen 
(due to colloidal silver) and finally black In the wnter’s opinion 
this method is to be preferred to the previous one for clinical 
purposes , the presence of ammonia makes the test almost too 
sensitive, because normal unne will sometimes give a dirty brown, 
though never a black colour , in the absence of ammonia there is 
no darkening at all with normal urme 

The most characteristic test in alkaptonuria is the colourreaction 
with ferric chloride If to about 5 c c of the unne in a test tube, 
feme chlonde solution (1 to 10 per cent ) be added drop fay drop, 
there is, in addition to the precipitate of feme phosphate, a transient 
green Or blue colour After the addition of a few drops, oxidation 
is complete, and further feme chloride produces no colour change 
For this reason it is safer to use the more dilute solution The 
reaction may also be demonstrated well by adding drop by drop 
1 per cent feme chlonde to 5 or 6 drops of the urme on a porcelain 
tile with shallow cavities In most recent descnptions of the test 
the colour is described as “ deep blue,” but it is quite often green 
and not blue, an observation which again is an old one (cf Smith) , 
the chemistry of this colour reaction is not known 

Melanogen, winch is excreted m some cases of viscera! melanotic 
sarcoma, is oxidised on standing to melanin, so that the urine 
similarly darkens from the surface downwards Urines containing 
melanogen, however, do not usually reduce cupnc solutions, and 
are easily differentiated because they do pot give a transient green 
or blue colour with feme chloride A table summarising the reactions 
in alkaptonuria and melanogcnuna respectively, is given in 
Chapter XI 
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In later years, usually after the age of forty, the cartilages of 
alkaptonurics become blackened (presumably by the melanin like 
oxidation products of homogentisic acid), giving a blue tmt to the 
hollows of the ears and brown markings on the conjunctival The 
blackening of the cartilages and ligaments is known as “ ochronosis ” 
It should be noted that ochronosis may also follow m man from 
the prolonged use of carbolic acid The term “ ochronosis of cattle ” 
has unfortunately been applied to a condition in which the bones 
are stained dark brown by porphyrins 


QUANTITATIVE ESTIMATION OF SUGAR IN URINE 
There are literally dozens of methods for the estimation of sugar 
in urine, but for routine use there is none simpler than Benedict’s 
method Some writers prefer a polanmetnc estimation, but in my 
experience m clinical work it is no quicker than Benedict's method, 
because of the time spent in removing pigments and clearing the 
urine before examination m the polarimeter In fact, owing to 
the frequent occurrence of lsevorotatoiy substances (eg , 0 hydroxy- 
butyric acid) the polanmetnc method ib often inaccurate 

From a purely clinical point of view accurate estimations of the 
glucose excreted are a waste of time unless the intake of food is 
accurately measured The clinician can obtain all the information 
he requires from a rough test with Fehling’s solution, m that if the 
diet is uncontrolled, all he wants to know is whether the unne 
contains small, moderate or large amounts of sugar This rough 
test with Fehling’s solution will, therefore, be described first 

It cannot be emphasised too strongly that it is necessary to 
estimate the total excretion of sugar m the twenty four hours if 
the effect of any particular line of treatment is being watched 
This means a complete collection and measurement of all the urine 
passed in the twenty four hours a condition not always easy to 
fulfil m practice A comparison of the concentrations of sugar m 
isolated specimens may be very misleading, owing to the influence 
of fluid mtake etc Thus in the fasting treatment of diabetes it 
was not uncommon for the concentration of sugar to increase at 
first, though the total excretion per diem was decreased Marked 
polyuria was often replaced by oliguria, thus readily accounting for 
the observation 


Rough Test with Fehling’s Solution 
Place 1 m of urine m one test tube and 1 m of Fehling’s solution 
m another Heat the two tubes over the same flame simultaneous!} > 
and when boding, mix by pouring from one tube to the other and 
back agam repeatedly as quickly as possible If the Pehlmg’s 
solution turns yellow at the first mixing there is, very roughly, 
7 per cent or more of sugar present If the yellow colour does 
not appear until the second mixing, there is roughly 4 to 5 per cent 
of sugar If there is a reduction on the third mixing there is 
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approximately 2 per cent , and if further pouring to and fro can be 
made before the yellow colour appears there is le^s than 2 per cent 
of sugar In other words, the test shows whether large, moderate, 
small, or very small concentrations of sugar are present 

With practice it is easy by this means to judge the percentage of 
sugar sufficiently closely to enable one to calculate the preliminary 
dilution w hich is often necessary in Benedict’s quantitative test 


Quantitative Estimation of Sugar in Urine by 
Benedict’s Method 

Preliminary. Benedict’s quantitative solution (see Appendix) 
is made up so that 25 c c are reduced by 0 05 gm of dextrose It 
is desirable to dilute the unne so that 10 c c of the diluted urine 
contain about 0 05 gm of dextrose, t e , so that the concentration 
of sugar is approximately 4 per cent For this reason perform the 
rough test with Fehlings solution as described above Make the 
dilution m accordance with the result, thus — 


H UixiQgj 

.Approximate Percentage 
ct Glucose 

Dllut on 

1 

7 or more 

1 m 16 to 1 m 

2 

4 to 5 

1 m 10 

3 

About 2 

1 in 4 

4 or more 

Less than 2 

Use neat unne 


The dilution must be made accurately , eg , measure 10 o c of 
the unne with a pipette into a 100 cc volumetric flask, and fill 
up to the mark mth distilled water to obtain a dilution of 1 m 10 
Principle Glucose and other reducing sugars reduce cupnc 
sulphate in boiling alkaline solution to cuprous oxide or hydroxide, 
which is red or yellow It is difficult to see when the reduction of 
the copper solution is just completed as shown by the disappearance 
of the final green tinge against a yellow background Benedict, 
therefore, introduced sulphocy am de and ferrocyamd e into his 
reagent , the former gives A white precipitate wit it enprens 

latter also tends to rgfixent. t.he- denosition of cuprous oxide 

Method of Estimation Fit a-S flOQ c c round bott omed flask 
on an asbestos wire gauze supported on the ring of a retort stand, 
the neck of the flask being loosely held in a clamp (Fig 27) Place 
in the flask 3 to 4 gm (roughly measured in a test tube marked 
for the purpose) oP mnhydrous so dium a few pieces of 

fooroua porcelain aridg ffo c c of Benedict’s quantitati ve solution 
^ Bring to the boiT, and run in the (diluted) urine from a burette held 
in the hand, 10 to 20 drops at a time, boiling between each addition 
As soon as a bulky white precipita te is seen run in the unne more 
and more slowly (5 oMTcTropsTand finally 1 or 2 drops &fc a time), 
with constant boiling until the last trace of blue or green has 
disappeared ^ If too much urine be added the solution will become^ 
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yellow owing .to eaiamdisatian ol the ninnr hv the alkali in 

the reagent^ (After the estimation is finished correctly, the titrated 

mixture, on standing, 
will turn green again 
owing to oxidation by 
air ) Note the volume 
of (diluted) urine 
used 

If the mixture fends 
to bufnp before the 
titration is complete, 
remove the flame, boil 
approximately 10 cc 
of water in a test tube 
and pour into the flask 
Then bring to the boil 
and continue the 
titration Place the tip 
of the burette over the 
mouth of the flask only 
whilst actually running 
in the urme If the 
burette tip is left 
permanently in the 
mouth of the flask, 
urine will be displaced 
by the steam issuing 
from the flask, thereby 
introducing an error 
Example of Calcu- 
lation The urme was 
diluted 1 in 4 12 G c C 

of the diluted unne 
were required to reduce 
completely 25 o c of 
Benedict’s solution 
25 c c of Benedict’s 
solution are reduced by 
0 05 gm of dextrose 
Therefore 12 6 c c 

of diluted urme contain 0 05 gm of dextrose 

Therefore = 3 25 e c of original urme contain 0 05 gm of 
dextrose 

Therefore 1 c c of original urme contains of dextrose 

0 05 X 100 5 

Therefore 100 c c of original urme contain — 3 ~f& = 3~15 

= 1 59 gm of dextrose 
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Concentration of dextrose = 1 59 per cent 
Volume of urine in 24 hours = 2,700 c c 
Therefore quantity of dextrose excreted in 24 hours 
1,700 

= 159 x -w= 27 ^ 


REDUCING SUBSTANCES IN NORMAL URINE 
In clinical work as a general rule no information of value is to 
be obtained by estimating the reducing substances in urines which 
do not reduce Benedict’s qualitative solution It is important to 
realise, however, that normal unne does contam traces of reducing 
substances Occasionally, moreover, a patient’s unne is go concen- 
trated that a slight reduction of Benedict’s qualitative solution does 
occur (see p 112) 

The nature of the reducing substances in normal urine was for a 
long time a disputed point, particularly with regard to whether 
glucose is or is not present The work of Harding and Selby, West 
and Sterner leaves little room for doubt that glucose is present, 
both after a night’s fast and after meals 

In health a total of about 1 gm of reducing substance is excreted 
in twenty four hours About £ gm is fermentable, and is probably 
mainly gluco gajind fructose About | gm is non fermentable and 
includes pentoses and glycurona tes 
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CHAPTER VII 


THE INTERPRETATION Or BLOOD-SUGAR AND 
BLOOD -SUGAR CURVES 

Books. Cameron and Qilmour’s The Biochemistry of Medicine 
MacLean’s Modem Methods in the Diagnosis and Treatment of Glycosuria 
and Diabetes 

De Wesselow’s Chemistry of the Blood m Clinical Medicine 
Joshn’s Treatment of Diabetes Mellitus 
Graham’s Pathology and Treatment of Diabetes Mellitus 
H Gray, “ Blood Sugar Standards Normal and Diabetic Persons ” 
Arch Int Med, 1923, 31, 241 14 In Conditions neither Normal nor 

Diabetic,” 259 

In order to obtain data for a blood sugar curve it is necessary 
to estimate the concentration of sugar m the blood (see end of this 
chapter) and in the urme (Chapter VI) lepeatedly at set intervals, 
after a meal or after a dose of sugar The figures so obtained are 
presented in the form of a curve, and the study of such currcs is 
often of value m mild glycosurics, m controlling the treatment of 
diabetes, and also for appraising the meaning of isolated 
determinations at knoun intervals after food The findings in 
normal individuals, the factors influencing the curves, and the 
variations caused by various diseases will be reviewed in order 
Except where otherv lse stated, all the sugar results refer to capillary 
blood It is important to note this, as will be explamed later It 
must also be emphasised that the blood sugar vanes slightly with 
the method used Most of the reducing substance in blood is 
* glucose, but there is also a small amount of non glucose reducing 
substance, and it is owing to the inclusion of varying proportions 
of this in the total reduction that the results differ The subject 
is considered later in this chapter 

THE NORMAL CURVE 

As examples of the results in normal man, (a) the curve after a 
standard dose (50 gm ) of dextrose, taken fasting, and (6) the curve 
after a mixed meal of average size will be discussed 

(a) A typical curve for an adult of, say, twenty five to forty 
years, after 50 gm of dextrose, is given in Tig 28, and the lower 
and upper normal limits in Fig 29 The blood sugar is usually 
estimated before, and at half hourly intervals after this dose taken 
fasting, up to a period of two hours and sometimes for longer The 
urme is obtamed for the same periods, if possible Frequently one 
has to be satisfied with hourly samples of urme, and sometime* & 
specimen before and another at the end of the test is all that can be 
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secured The none tests should never be omitted , they are just 
as important as the blood tests In the charts the percentage of 
sugar is plotted vertically and the time horizontally 

Time in hours 0 J 1 1J 2 

Blood sugar, mgm per 

100 cc 100 160 120 80 100 

Glycosuria Nil throughout 

Fifty grammes are selected as the test dose because it is 
sufficiently large to give the maximum response in a normal 
individual Indeed, amounts greater than 25 to 30 gm all give 
very similar curves, except that as the quantity reaches the order 

TYPICAL BLOOD SuOAR CURVE 

AFTER SO gm OP DEXTROSE, D UPPER LOWER. NORMAL LIMITS OF 

TAKEN FASTING IN A NORMAL ADULT BLOOD SUGAR AFTER SO y DEXTROSE 





■V»£H 

■MUM 


of 100 gm or more the cun e becomes sbghtly prolonged to the right 
In order to calculate the dose for younger individuals it should be 
noted that 50 gm in an adult corresponds to approximately f gm 
per Lgm , or $ gm per lb of body weight In America it is a common 
practice to use larger doses of sugar, e g , If gm per hgm 

The preparation for the test is as follows The patient is told 
to eat and drink nothing overnight First thing in the morning, 
t e , three hours or more before the test, a cup of tea may be 
permitted, but Bo carbohydrate should be allowed Sometimes, 
however, it is more com enient to allow a meal some three to four 
hours before the test The stricter preparation makes the 
conditions of the test more standard, but the meal helps to fill the 
carbohydrate stores which have been partially depleted by the 
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night’s fast in which case the subsequent dose of sugar is more 
likely to reveal slight deficiencies in the carbohydrate storage 
mechanism 

The 60 gm of dextrose are dissolved in 100 to 260 c c of water 
The solution may be flavoured, if desired, mill the juice of one 
lemon There appears to be no rigid convention m regard to the 
quantity of water used for making the solution of dextrose, though 
it is of some importance With 100 cc the solution is iery 
hypertonic and sometimes causes nausea or vomiting or may delay 
the absorption of glucose into the blood , moreover, it is more 
difficult after 100 than after 250 cc of fluid to obtain half hourly 
samples of urine An objection to 250 c c is that the patient may 
find the volume too large The writer’s practice is to give the 50 gm 
in 150 oc and to follow this by 100 oc of water to remove the 
sweet taste , refusal to dnnk all of the last 100 c c is then of less 
moment 

The points to notice in the normal curve are (l ) The fasting 
level This normally lies between 80 and 120 mgm per 100 £ c , a 
convement average figure to memorise being 100 mgm (u ) The 
highest point of the curve and the tune at which it occurs 
Normally this peak is not higher than 170 to 190 mgm , and it 
occurs within the first hour (in ) The time taken to return to a 
normal level of 120 to 80 mgm per 100 c c Usually this interval 
is one and a half to two hours {iv ) The absence of glycosuria 

The next points of importance are the variations which may 
occur in a normal individual First, there is the influence of age 
In infancy the fast mg level is frequently as low as 60 to 80 , the 
peak of the curve lies at 100 to 140, and the blood sugar generally 
returns to its original level in one and a half hours The level of a 
child’s blood sugar curve approaches that of an adult at the age 
of about ten years In old age the general level of the curve tends 
to rise Thus the fastmg level commonly lies between 100 and 
140 mgm per 100 cc, the peak between 180 and 220, and the 
duration two to three hours Secondly, it has been shown by Graham 
and others that the blood sugar curve tends to rise slightly and to 
be a little prolonged by fatigue A holiday will often send it back 
to the original level Thirdly, worry, mild infections such as a cold 
in the head etc , probably all have a slight effect on the blood 
sugar curve similar to that observed by Graham above, though it is 
difficult to prove this The effect of emotion is another possible 
factor One not infrequently notes in a new patient that the blood 
sugar on the first visit is slightly higher than the blood sugar on 
subsequent visits (the estimations being made under similar 
conditions) Usually, however, it is only in the first out of the five 
sugar determinations made to provide the curve that this rise is 
observed In the writer’s experience it is exceptional for emotion 
to affect the blood sugar significantly 

It has been claimed (Lund berg) that smoking causes a transient 
slight rise of blood sugar, but in our experience it has no significant 
influence 
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(b) The curves obtained after mixed meals vary considerably, 
as will be appreciated when the factors influencing such curves arc 
discussed, but the following will give an idea of a typically normal 
finding (Fig 30) — 

Time in hours 0 I 1 2 2£ 3 

Blood-sugar, 

mgm per 100 c c 100 160 130 150 140 110 100 

Glycosuria Nil throughout 

It will bo noted that the fasting level falls within the normal 80 
to 120, and that the highest point never reaches the normal maximum 
of 180 mgm per 100 c c The difference from the standard glucose 
curve is shown by the dip and by the prolongation of the above 
curve Normally the blood sugar comes down to the fasting level 
within three hours after a mixed meal 

TYPICAL BLOOD SUGAR CURVE OF A NORMAL 
ADULT AFTER AN ORDINARY MIXED MEAL 



Fio 30 

It behaves similarly after each meal containing carbohydrate, 
so that during the day it oscillates, but at night it remains steady 
(unless food is taken) In most healthy adults the variation ‘during 
the day is from 80 to 180 mgm per 100 c c (cf p 167), the higher 
level being approached from one to two hours after each mixed 
meal, and the lower level being approached from some three hours 
after each meal until the beginning of the subsequent meal There 
are, however, so many factors wlueh influence the blood sugar 
(cf next section) that the rise after each meal is not necessarily 
proportional to the carbohj drate m that meal Several investigator 
(e g , Shapland) have noted that in some healthy individuals the 
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blood sugar at about 4 pm is unexpectedly high after quite small 
amounts of carbohydrate, Harding and Selby have found that 
50 gm of dextrose commonly produce a higher curve at 4pm 
than first thing in the morning, and may cause “afternoon 
glycosuria ” Again, some individuals may show the usual rise m 
blood sugar after the first meal (breakfast), but little or none after 
the second meal (mid day to 1 p m ) There is still room for further 
study of the physiological variations in blood sugar , it is probable 
that other sub groups could be defined m addition to those already 
recognised as renal glycosuria" (p 133) and “Jag glycosuria ” 
(p 134) 

The normal types of curves (Figs 28, 29 and 30) are found in 
healthy individuals, in an enormous group of pathological states 
where the carbohydrate metabolism is not affected, and in conditions 
where the carbohydrate tolerance is “ increased " (cf p 131), e g , 
myxeedema dystrophia adiposo genitalis and Addison’s disease 
Furthermore, in diabetes a curve after a restricted meal wifi 
frequently be within normal limits, though, of course a curve after 
glucose would not 

THE FACTORS INFLUENCING BLOOD-SUGAR CURVES 

At this point it is convement to discuss the various factors 
influencing the form of a blood sugar curve On considering what 
may happen to food taken by the mouth, it is surprising that the 
shape of a blood sugar curve is a9 constant as it is 

The blood sugar content of the peripheral blood at any given 
moment after a meal will depend on (a) the type of food, and the 
quantity thereof, (6) the rate of digestion, and fGe rate of 
absorption of glucose from the small intestine^ (c) the glycogenic 
function of the liver and muscles , (d) the action of the nervous 
system and of other organs on the glycogen stores , (e) the 
threshold of the kidneys for glucose , (/) the amount of exercise 
and the demands of the tissues g ) the action of the ductless 

glands viz — * , 

Psocrestic zsle&s TbjTOid " 

(Insulin) i ersus ^Pituitary ^ 

- (Adrenals ^ 

and ( h ) the previous diet The influence of age has already been 
discussed (p 126) 

(a) and (6) Type and Quantity of Food Rate of Digestion and 
Absorption The effect of pure carbohydrate has been seen in the 
curve after 50 gm of dextrose Other sugars and rapidly digested 
starches given m correspondmg doses (eg , 100 gm of white bread, 
240 gm of boiled potatoes, 70 gm of oatmeal as porridge) give 
very similar curves if taken unmixed with other foods This is 
not true however, if mixed with much fat, for instance (Jacobsen), 
so that the passage through the stomach is delayed Thus if the 
bread is soaked heavily m dripping, or the porridge smothered w 
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cream, the resulting blood sugar curve may be slightly more 
prolonged and not so raised Starches enclosed in cellulose, which 
is not rapidly digested (eg , in green vegetables), give a curve 
which is less high, but more prolonged than the curve after the same 
weight of less protected starch (e g , bread) 

It is interesting to note that 50 gm of leevulose have little or 
no effect on the blood sugar curve of normal man , the curve approxi 
mates to a straight horizontal line It has been assumed that this 
is due to the action of the liver in storing leevulose as rapidly as it is 
presented to it, and a test for hver efficiency lias been cTevised on 
this assumption (see Chapter XII) 

Neither protein nor fat has any immediate effect on the blood 
sugar Protein on digestion gives rise to ammo acids, a large 
proportion of which is deammised by the hver, and the fatty acid 
residues can afterwards yield carbohydrate It is reckoned that 
each gramme of protein yields the equivalent of just over \ gm of 
glucose (0 58 gm ) Similarly in metabolism each gramme of fat 
yields the equivalent of 0 l_gm of glucose (from glycerol) Bat the 
katabobsm of protein and of fat is so slow that the ingestion of 
either without carbohydrate has no immediate effect on the blood 
sugar curve as studied over a period of two to three hours In the 
case of a mixed meal, however, protein and fat may have a marked 
indirect effect on the rate of digestion of carbohydrate, and hence 
on the rate of absorption of dextrose, as has already been exemplified 
in the case of porridge with cream, etc 


CAWLLARY(BRCK£N UH$ AMD YM0U3 (SOLID UNt) 
BLOOD (SUGAR CURVES IN A NORMAL ADULT APTER 
DEXTROSE TAKEN INSTEAD Of LUNCH 
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(c) and ( d ) Glycogenjc Function Action of Nervous System 
If the liver is severely damaged the sugar content of the peripheral 
blood may rise higher than normally after food This rise is but 
seldom significant, how ever, owing to the great reserve power of the 
liver In clinical work glucose curves are of little value in liver 
disease, partly on this account, and partly because of the difficulty 
of excluding comcident pancreatic disease The muscles take up 
glucose from the arterial blood, so that after glucose, and to a 
lesser extent after an ordinary meal, the venous blood sugar may 
be definitely lower than the capillary (arterial) blood sugar (Tigs 31 
and 32) After a night’s fast, the normal capillary and venous 
blood sugars are approximately the same When recording the 
results of isolated analyses it is important to note the interval since 
the last meal, and to state whether the blood is venous or capillary 
In diabetes mellitus the difference between the capillary (arterial) 
and venous blood sugars is often less or absent following 
carbohydrate meals Insulin restores the arterio venous difference 
to normal In the fasting diabetic the venous may be even slightly 
higher than the capillary blood sugar (Rabmowitch) 

Increased intracranial pressure may cause hyperglycsemia and 
glycosuria Thus in cer ebral., haemor rhage, tube rculous men ingitis, 
he ad inju ries (cf Davidson and Allen), etc , there would be a raised 
and prolonged blood sugar curve Sufficient data for a curve are 
rarely obtained, but isolated tests often show definite hyperglycemia 
(e) Renal Threshold Normally the kidney does not allow sugar 
to pass mto the urine till the concentration in the blood exceeds 
about 1 80 mgm per 100 cc ,ie, the average normal renal threshold 
for dextrose is 180 The threshold is not an absolutely fixed point, 
but usually lies Between 17 0 and 1 90 mgm It maj , however, be 
lowered as m renal_ glycosu ria, or byTZf dney dise ase or by certain 
kidney poisons, eg p hlorid zin Conversely, it may bo raised 
Thus a slight raising of The-tfifeshold is common in old ag e Gross 
kidney disease may cause mcrease of sugar m the blood and cerebro 
spmal fluid, there bemg no comcident glycosuria (It has been 
shown that the mcrease in blood ' sugar ’ is due to glucose ) This 
condition was observed in two cases of irnemia The first had 
232 mgm of sugar and 570 mgm of urea per 105 c c of cerebrospinal 
fluid The second had 211 'mgtn of sugar and 363 mgm of urea 
per 100 c c of blood In neither was there glycosuria In a sense 
these are somewhat special cases because it may be said that sugar 
was not excreted simply because there _was little sound kidney 
tissue to excrete it The "best examples of raised thresholds occur 
m di abetes mellitu s In this disease the threshold may fae raised 
as a protective “mechanism or because the power of the renal 
cells to excrete glucose becomes unpaired after long continued 
bombardment with excess of sugar «•' 

(/) Exercise In normal persons, on an unrestricted diet, 
moderate exercise sbghtly elevates the blood sugar, while severe 
exercise lowers it, but m both cases the sugar tolerance is increased 
(Allen, Stillman and Fitz) That is to say the blood sugar curve 
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after a standard dose of dextrose is set at a lower level if the curve 
is performed whilst the individual is taking exercise, than if the 
curve is made on the same individual at rest The same is true m 
diabetes of mild or moderate grades but is not true of very sev ere 
diabetics (without msuhn), who tend to become dangerously 
exhausted by exercise The beneficial action of exercise on diabetics 
under insulin control is very marked and the blood sugar may be 
very extensively low ercd thereby {cf Lawrence, 1926) 

(g) Ductless Glands The action of the four most important 
ductless glands has been indicated schematically abov e The action 
of the mternal secretion of the pancreas and of exogenous msuhn, 
is well known It is probable that the height of the blood sugar 
is itself the stimulus to the output of endogenous msuhn At any 
rate, this provides a good working hypothesis on which to base 
treatment Insulin possibly enables the tissue cells to “ catch 
hold ” of glucose so to speak ^preparatory to burning it or to storing 
it as glycogen It is, therefore one of the most important factors 
influencing the blood sugar curve Its action of course, is to 
lower the blood sugar and conversely blood sugar estimations 
are essential to control the treatment of diabetes by insulin 
(Chapter VIII) 

A few cases have been reported in which hypoglycwmia is due to 
hyperfunction of the pan creatic islets ( ‘ hypennsulimsm ”) at 
operation or post mortem either an adenoma or a carcinoma of the 
islet tissue has been found The neoplasm may be localised, in 
which cage it can be removed surgically, but it is more often diffused 
throughout the gland The symptoms are those of a persistent 
overdose of insulin and the blood sugar is low except when suitably 
reheved by carbohydrates Whipple and Frantz review the 
published examples (see also Gammon and Tenery) 

It has also been suggested (Cammidge, Harris) that certain cases 
presenting symptoms of hunger, weakness, and the anxiety neuroses, 
and having hypoglycemia without any demonstrable organic 
lesion may be due to an excess of endogenous insulin (“ hyper 
msulmism,” “ dysinsuhmsm ’ ) Normally, after a dose of 50 gm 
of dextrose (Fig 28, p 125) or after a carbohydrate meal, the blood 
sugar at one and a half or two hours may be below the initial fasting 
level , it is possible that in dysinsuhmsm this drop m the blood sugar 
curve is exaggerated 

The thyroid, pituitary and adrenals all act in the opposite sense 
to the islets of Langerhans An excess of secretion causes the blood- 
sugar curve to be raised and prolonged Whether this is due solely 
to their action in mobilising glycogen from the liver and other 
depots, or whether also to a direct neutralising effect on endogenous 
msuhn, is not yet known with certainty {cf Bum) Anyhow, 
hj perthjToidism {eg, exophthalmic ~gdit.ro) and hyperpituitarism 
{ e g , gigantism, acromegaly) are typically accompanied by a raised 
and prolonged blood sugar curve, whereas hypothyroidism 
(cretinism, myxeedema) and hypopituitarism (dystrophia adipose 
genitalis) may be associated with a normal or low normal blood 



132 


CHAPTER VII 


sugar curve though there are many exceptions in clinical work 
(Gardiner Hill cl al ) Injection of adrenaline causes hyperglycemia 
and glycosuria There is no known disease ascribed to continuous 
hypersecretion of the adrenal medulla, but hypoadrenalism 
(Addison's disease) is typically accompanied by a normal or low 
normal blood sugar curve 

(A) The Previous Diet In the majority of testa the previous 
diet is the subject’s usual mixed diet, and under these circumstances 
when the blood sugar curve after glucose is repeated, the same or a 
very similar curve is secured If, however, the two curves are 
obtained after periods of diet which differ very greatly from one 
another, they may show a marked contrast In health the most 
extreme example is gnen by comparison of the curve after a 
prolonged fast with that after a period on full diet After the former 
the curve following 50 gm of dextrose will be higher than after the 
latter period , indeed, after the prolonged fast the dextrose ingestion 
may raise the blood-sugar high enough to cause glycosuria , this 
was well recognised many years ago, before blood sugar determina 
lions were made, and was referred to as “ hunger glycosuria ” or 
“ vagabond’s glycosuria ” 

, The point is of practical importance m disease and particularly 
m diabetes mellitus Blood sugar curves can only be used as a rough 
basis for comparing the relative seventy of two cases of diabetes 
if in each case the diets pnor to the tests have been substantially 
the same for several days at least Similarly, the progress of a 
case of diabetes, or the efficiency of any particular treatment, 
cannot safely be judged by simply instituting a night’s fast, giving 
50 gm of dextrose and following the resulting changes m blood 
sugar , the diet prior to the test also influences the curve, for its 
effect is not completely deleted by a single mght’s fast Clearly 
the amount of glycogen m store will be different on diets with very 7 
different carbohydrate contents and it would be expected that an 
individual with a smaller store would convert into glycogen more 
rapidly the 60 gm of dextrose with a resultant lower blood sugar 
curve The subject is complicated, and even now incompletely 
understood (c/ also remarks on “ afternoon glycosuria,” p 12S) 

li jW pre&ff&V Altai Hus jmSaia sw «af 4 j5n? pwpjwsvnp -bap sf Asm** 

been responsible for the different curves reported by two investigators 
on the same subject , it is well recognised by biochemists { ef 
Lawrence and SIcCance) 

Enough has been said to show that the interpretation of blood 
sugar curves may be anything but a simple matter It is obvious 
that such interpretation is impossible without full knowledge of 
the cluneal data On the other hand such curies are often 
invaluable as an extension of the clinical examination An attempt * 
will be made to simplify the picture 

In practice there are only five groups of curves The normal, 
which has already been described , the renal glycoaunc type , 
the ‘ lag ” glycosunc type , the diabetic type , and hyperglycemia 
sine glycosuria The last four will now be discussed 
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THE RENAL GLYCOSURIC TYPE OF CURVE 

(Orthoglycffiimc Glycosuria) 

The following curve (Fig 33), obtained after 50 gm of dextrose, 
taken fasting, is a typical example — 

Tune in hours 0 £ 1 2 

Blood sugar, mgm per 

100 ec 90 150 130 80 100 

Glycosuria, gm Nil 0 3 0 b 0 1 Ntl *'*’ 

It will be observed that the fasting level 90 is within the normal 
limits (80 to 120), that the peak 150 is below the usual highest 
point {170 to 190), and that the 

curve returns to the fastmg level m m *83?!gSfSPS .’S5S.SI."" 
one and a half hours Glycxmm is 
normal throughout, but in spite of 
this there is glycosuria , this is the 
characteristic feature of this type of 
curve The threshold may lie 
anywhere between 1 50 and 1 iltogm . 
per 100 c c , and rarely even lower tj 
The glycosuria accordingly may be o 
intermittent or continuous In the 5 
above example the threshold lay *• 
somewhere between 130 and 90 mgm f 
per 100 c c , because there was no £ 
sugar in the urine with a blood-sugar => 
of 90 mgm but glycosuna did occur e 
during the half hour whilst the § 
blood Bugar fell from 130 to 80 mgmK° 

The renal glycosunc type of curve 
is found in renal glycosufia ^ nd in 
phlondzm glycosuri a Tn most 
examples of renal glycosuna there is 
no evidence of any damage to the 
kidneys, but m a few there is 
definite kidney disease, and it is then assumed that the renal 
lesion is responsible for the lowered threshold In both types 
the glycosuria does no harm, and requires no’ treatment The 
importance of establishing the diagnosis lies in the subsequent 
assurance of the subject that he has no t got diabetes, but clearly 
before such an assurance is given it is essential to be absolutely 
certain of the diagnosis , if the subject has been on an unrestricted 
diet for several days \e g , one w eek) beforehand, and a curve like 
that illustrated in Fig 33 is obtained, there can be no doubt If, 
howe\er, the curve is at or near the upper normal limit, and dietetic 
treatment had previously been given, more caution is required , it 
must bo remembered that occasionally the renal threshold is lowered 
in diabetes mellitus, and sooner or later a case of very mild diabetes 
with a lowered threshold will be encountered In cases of doubt 
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the subject should be given a full diet for at least a week, and then 
the curve should be repeated , tins will generally enable a definite 
decision to be made Renal glycosuna m pregnancy is discussed 
on p 137 


THE “LAG” GLYCOSURIC TYPE OF CURVE 
(Oxyhyperglycremic Glycosuria— Lawrence) 

MacLean described a particular variety of the raised type of 
curve under the heading “ lag glycosuria ” (Fig 34) The fasting 
level is normal, the blood sugar 
after dextrose ingestion rises very 
rapidly to a level obviously, but not 
greatly, above normal, and then falls 
rapidly, regaining the original level 
in one to two hours MacLean 
suggested that there is a “ lag ” m 
the coming mto play of the storage 
mechanism, but that once the 
mechanism does come mto force, it 
is as efficient as in a healthy 
uidnidual He met with a few 
cases of this kind in patients who 
had had intermittent glycosuna for 
many years without apparent harm, 
in spite of no restriction of diet 
Others have confirmed these obser 
rations, and provided that there 
is clear evidence of intermittent 
glycosuna over a penod of years 
without anj restriction of diet, the 
glycosuna may be regarded as 
han Jess Caution, however, is 
necessary when the glycosuria has 
only recently been found, for it is possible that the case is one of 
“ potential 1 or mild diabetes , in such circumstances it is wise 
to keep the subject under observation on a full diet, and to repeat 
the blood sugar curve after an interval of, say, six months , if the 
clinical condition and the curve remain unaltered, the glycosuna 
may be regarded as harmless It is still difficult at times to assess 
the exact significance of lag glycosunc curves, and will be until 
many more cases have been kept under observation for long 
periods Cases have been encountered who show the lag curve, 
but who exhibit glycosuna only during the test (i e , after glucose), 
and not after their ordinary mixed meals , Rapi d — intestinal, 

absorption may be the cause of these curves ( cf Lawrence, 
T< r 3 5 j; — ttiey are olten observed aiteT ^gast ro enterostomy and 
m duodenal ulcer 
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THE DIABETIC TYPE OF CURVE 

The following curves (Fig 35), obtained after 50 gm of dextrose 
taken fasting, are typical examples — 


Time in hours 


0 1 

& 

1 

2 

3 

Blood sugar, mgm 
100 c c 

per 

160 

240 

260 

200 

170 

Glycosuria, gm 


Nil 

1 2 

25 

1 2 

Nil 

Tune hi hours 


0 


I 

2 

3 

Blood BUgar mgm 
100 c c 

per 

120 

180 

200 

150 

120 

Glycosuria, gm 


Nil 

Nil 

1 2 

03 

Nil 


Examining these curves in the same ivay as the previous ones, 



it will bo noted in the first (the upper one) that the fasting level is 
raised, that the lughest point is above the normal maximum, that 
the curve is prolonged to the right, the normal level not being 
reached m three hours and that there is glj cosuna Tw o deductions 
may be made from this curve The carbohj drate storage mechanism 
is deficient, and the renal threshold for glucose is raised — it probably 
bes between 200 and 240 in this example Examining the second 
curve (the lower one), the fasting level is within normal limits, the 
highest point is above the normal maximum, the curve is~shght]y 
prolonged to the right, Jjnd there is glj cosuna On. this evidence 
alone it cannot be stated for certain that the'patient from whom 
this second cun e was obtained must have diabetes Stress cannot 
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be laid too strongly- on the importance of combining the laboratory 
and the clinical observations Thus tlii Slhwer curve might equally 
well have been obtained from a case of sepsis or m certain infections, 
or in a patient with hyperthyroidism o r hyperpituitarism,, or in 
examples of i ncreased intracranial pressure , or even in a Bin nil 
p roportion of patients with either liver disease- n r simple obesity^, 
ffifhe upper curve is almost diagnostic (a few cases of hyperthyroidism 
show such a curve), and a curve set at a still higher level w ould lie 
quite diagnostic of diabetes melhtus 

The reader may wonder why such curves are termed “ diabetic ” 
in type w hen only those that are grossly raised are limited to diabetes 
The difficulty is to find a better label Classification in terms o f 
renal thre shold- and such phrases as tC bvnergl^ capmio g lyrp gliri>t ," 
ffiorthoglycaemic (or lsoglycicnncj glycosuria,” and ffi h vncrglvcffirma 
sine glycosuria *' are ot no greater value , thus in diabetes the 
threshold may bo normal, raised or lowered, and, with suitable 
treatment, a patient with diabetes and a lowered threshold may 
exhibit “ orthoglycaemic glycosuria ” 

hyperglycemia sine glycosuria 

The following curve, obtained after a breakfast restricted in 
carbohydrate, is an example (Fig 36) — 

Time in hours 0 12 3 4 

Blood sugar, mgm per 

100 cc 180 220 240 240 230 

Glycosuria Nil Nil Nil Nil Nil 



Fio 36 
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It will be observed that the fasting level is raised, that the 
highest point is above the normal maximum, that the curve is miml^ 
prolonged — over four hours, and that, m spite of favperglvcasnm. 
there is no glycosuria The renal threshold is. therefore, above 
240 mgm__ This curve was obtained from a c ase of diabetes under 
treatment by careful dieting (without msuhn) If an attempt was 
made with msuhn to maintain the blood sugar at more normal 
limits, it would obviously be essential to control the treatment by 
blood sugar tests Urinary examinations for sugar would be 
valueless for the purpose 

Hyperglycemia sine glycosuria (Fig 36) may be demonstrated 
in a certain number of diabetics, particularly m cases of long 
standing . It is also present in some s ufferers from obesity* IF 
may be observed in some urasmics and in cases of Jess advanced 
nephritis Finally , it is not u ncommon in old age to obtain curves 
approximating to this type, as already mentioned 


THE BLOOD-SUGAR IN NORMAL PREGNANCY 
Glycosuria, without any symptoms of diabetes mellitus and 
without the subsequent development of that disease, has been 
recognised for many years as occurring not uncommonly m normal 
pre gnan cy Its incidence is difficult to establish, but was 5 per 
cent -in G40 unselected eases examined by Williams and Wills 
All investigators are agreed that one factor responsible for this 
glycosuria is a l owering of the renal threshold, w hich is ve ry commo n 
i n pregnancy (60 per cent , Williams and Wills) , such lowering is 
generally sliglitTand in many of the women does not cause glycosuria 
after ordinary meals, but does after the glucose of the tolerance 
test In addition to the lowered threshold, Williams and Wills 
have shown that the curve in some of these women is definitely 
raised and may be prolonged, as compared with the usually accepted 
standards, though none can be regarded as diabetic , some may 
fairly be labelled “ lag glycosuria ” , others must be regarded either 
as having a slightly lowered glucose tolerance, or as normal, in which 
case the range of normal must b nder than that generally accepted 
(compare remarks on p 128 on incomplete knowledge of ratige of 
variation m health) This “ raising ” of the curve is regarded by 
Williams dnd Wills as a more potent cause of the glycosuria than 
the lowering of the threshold , the initial fasting level in almost 
all the women was normal (below 120 mgm per 100 c c ) 

At the termination of pregnancy the threshold returns to its 
previous level, and glycosuria ceases in the majority , when it does 
not, it is probably due to the persistence of the renal glycosuria or 
the lag glycosuria which the woman possessed before pregnancy 
In short, if it be accepted that pregnancy lowers the renal threshold 
fo r glucos e, this, added to the pre-existing state of *‘ o rthoglyeremia -’* 
laggly e bsun a or renal glycosuria, or of diabetes mellitu s. livpcr- 
thyro idisnij etc , may be sufficient to explain the great variations"”* 
observed in the sugar of the blood and urine in pregnancy 
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VON GIERKE'S DISEASE 
(Glycogen Accumulation Disease) 

This is a rare disease of childhood in which there is a great 
accumulation _cf_ glycogen m the liver and Sidneys The liver is 
greatly" enlarg ed, smooth and not tender. , there is no enlargement. 
o f the splee n and no laundic o- or ascites The fasting blood sugar' 
is low, oftenrin the region of 50 mgm per 100 c c , and an injection 
of adrenaline either foils to raise it, or does so to a much lesser 
degree than in a healthy child of the same age In some of the 
reported cases the blood sugar curve after an appropriate dose of 
glucose (e g , 1 gm per kgm ) is a little raised and prolonged There 
is usually h ctormrm— which has several times been noted to persist 
throughout a glucose tolerance test The clinical and biochemical 
findings may bo ascribed to a slight persistent carbohydrate 
starvation due to excessive deposition of glycogen , it lias been 
suggested that there is a persistence of the formation of the foetal 
type of glycogen which is said to be more stable than that normally 
laid down after birth Naish and Gumpert’s paper may be consulted 
for references 


METHODS OF ESTIMATING THE CONCENTRATION OF SUGAR 
IN THE BLOOD 

Many methods have been devised for estimating the blood sugar 
Of these the following are most commonly employed folm and 
Wu, Hage dom and Jense n, Sh affer. Har tmann HacLea n Numerous 
modifications have been introduced in each of these The method 
of Folin and Wu is useful as part of Folin s “ system of analysis ” 
and will therefore be described The Shaffer Hartmann technique 
may also be applied to the tungstic acid filtrate But for most 
clinical work methods applicable to capillary blood obtained by 
pricking the ekm are preferred For this reason the two following 
will albo be described Ha gedom and Jensen's 01 cc of blood , 
Folin an d Wu s. as adapted by Wallis and others for 0 1 c c of 
blood 

For clinical purposes the selection of the method is mamly a 
question of personal preference, though Benedict’s picnc acid 
method has largely fallen mto disuse In most methods, not only 
glucose, but also non glucose reducing substances are estimated, 
but the former constitutes by far the larger portion (see later) 
For clinical purposes it is advisable to select one to the exclusion of 
other methods, so that the results are comparable In all published 
work the method should be stated 

For routme clinical use the writer prefers the method of Folm 
and Wu adapted for small quantities of capillary blobd simply 
on account of its simplicity and speed It is important to remember 
however, that it gives slightly higher values in insulin liypoglycasmia 
than the method either of MacLean or of Hagedom and Jensen 
These last two methods give blood sugar values which approximate 
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closely to “ true glucose ” values In MacLean’s method the 
solutions are easy to prepare, but the special heating apparatus is 
troublesome , it has been given up in most laboratories, and is 
omitted from tins edition In Hagedom and Jensen’s method the 
purification of the femcyamde is troublesome, but given the best 
chemicals the method is simple, and is now very widely employed 
either in its original form or in one of its modifications (Somogyi, 
Folrn) 

There are two stages in all the methods (i ) the removal of 
pro^fijns, and (u ) the estimation of the reducing substances in the 
protein free filtrate * ' 

Method of Hagedom and Jensen 

Principle The proteins are precipitated by zi nc hy droxide and 
heating 

""The protein free filtrate is heated under standard conditions 
with alkaline potassium femcyamde Some of the femcyamde is 
reduced to ferrocj amde by the sugar Atmospheric re oxidation 
of this ferrocyamde is prevented by its precipitation with zinc 
sulphate The quantity of femcyamde left over is determined by 
adding an excess of iodide_and acidifying Iodine is liberated in 
proportion to this femcyamde, and is determined by titration with 
thiosulphate 

A blank test is performed to measure the total iodine formed 
by oxidation of iodide by all the femcyamde except a trace which 
is reduced by impurities in the reagents The " thiosulphate 
deficiency ” (blank less titration value of blood filtrate) corresponds 
to the sugar in the filtrate used and the blood sugar is calculated 
with the aid of a table compiled from analyses under identical 
conditions of pure dextrose solutions 

2H 3 Fe(CN) 6 + SHI = 2H 4 Fe{CN)„ + I 2 
2K 4 Fe(CN) 6 + 3ZnS0 4 = K 2 Zn 3 (Fe(CN) 6 ) 2 + 3K 2 S0 4 

Solutions (1) N/10 caustic da, prepared weekly by dilution 
of a 2N solution 

(2) Stock 45 per cent ZnS0 4 7H.O, from which each week a 
0 45 per cent solution is prepared by diluting 1 in 100 

(3) Alkaline potassium feme} amde 

( Potassium femcyamde 1 65 gm. 

Fused sodium carbonate • 10 G „ 

Water to 1,000 c c 

The solution should be stored in a dark coloured bottle in the 
dark It will also be more stable if the bottle is capped with a 
glass cover, so that dust does not get on to the stopper and neck 

(4) Iodide sulphate chloride solution 

/ZnS0 4 7H a O 10 gm 

KnCl 50 „ 

( Water to 200 c c 
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Weigh out I gm of potassium iodide m each of a senes of test - 
tubes Add the contents of one tube (1 gm KI) to 40 c c of the 
above solution as required The complete solution, including iodide, 
usually will not keep for more than two or three days without 
oxidation of the iodide to iodine Traces of free iodine can generally 
be removed by filtration through thick paper 
(6) Three per cent v/v acetic acid solution 
(6) Starch solution 

One gramme of soluble starch is made into a paste with about 
10 c c of saturated sodium chloride solution, and is poured into 
about 85 c c of the saturated salt solution which has been brought 
to the boiling point The mixture is cooled, transferred to a 



Fig 37 Blood pipette with salivary guard 

measuring cylinder with a few cub ’centimetres of water and made 
up to 100 c c 

(7) N/200 sodium thiosulphate prepared by dilution of an N/10 
solution each day For preparation and standardisation of the N/10 
solution Bee Appendix Alternatively an approximately N/200 
solution is prepared and standardised against N/200 lodate on the 
day of the test (see Appendix) 

All chemicals must be of the highest purity The potassium 
femcyanide must be specialty reerystallised (see Appendix) The 
zinc sulphate, sodium chloride potassium iodide and acetic aud 
must each be tested and shown to be iron free The iodide must 
be free from lodate As a final check mix 3 c c of iodide sulphate 
chlonde solution 2 c c of the acetic solution and 2 drops of starch 
solution when no blue colour should be obtamed Then add 
0 01 c c of the alkaline potassium femcyanide solution when the 
mixture should show a faint but definite blue tmt 
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Technique In an ordinary test tube (6 m x f in ) place 

rice of N/10 NaOH 
| 5 c c of 0 45 per cent ZnS0 4 7H 2 0 ( 1 ) 

VOlcc of blood 

The blood is measured in a special blood pipette which must be 
accurately calibrated (see Appendix) “ to contain,” and is best 
provided with a salivary guard (Fig 37) It is delivered into the 
zinc hjdroxide suspension and washed out with that suspension 
the pipette being finally emptied as completely as possible by 
blowing through it 

Heat the tube in a boiling water bath for three minutes Filter 
through a 7 cm No 41 Whatman paper (double acid washed 
paper) into a boiling tube Wash the tube and the precipitate 
twice with 3 c c of hot distilled water (previously measured into 
tubes placed in the boiling water bath till required) When the filter 
has drained remove the paper and touch off the last drop in the 
funnel stem against the side of the tube 

Add 2 c c of alkaline femeyamde solution, mix, and place in a 
boiling water bath for fifteen minutes Cool, add 3 cc of iodide 
sulphate chloride solution and 2 c c of 3 per cent acetic acid Mix 
and stand for one or two minutes Titrate with N/200 sodium 
thiosulphate from a 2 c e microburette, until the colour is pale 
jellow Then add 2 drops of starch solution and complete the 
titration 

Perform a blank test along with the above by carrying through 
the above process but omitting the blood When the solutions 
are fresh the blank titration should be above 1 90 c c Provided 
that the N/10 NaOH and the 0 45 per cent zinc sulphate are not 
more than a week old a blank lower than 1 90 is probably due to 
the femeyamde losing strength Fresh ferricyamde should be 
made up if the blank falls below 1 80 c c of N/200 thio 

Calculation From the table overleaf read off the values of blank 
and unknown in terms of glucose per 100 c c The unknown less 
blank gives the blood sugar content 

Example The thiosulphate vas exactly N/200 Titration of 
blank required 1 94 c c , of unknown 1 33 c c of thio 

Blank 1 94 c c corresponds to 10 mgm of glucose per 100 c c 

Unknown 1 33 c c corresponds to 110 mgm of glucose per 
100 c c 

Blood sugar, therefore, is 119 — 10 = 109 mgm of glucose per 
100 c c 

Alternatively a fairly accurate calculation may be made (for 
blood sugar values below 250 mgm per 100 c c ) b> multiplying the 
thio deficiency by 177 Thus m the example already given thio 
deficiency equals blank less unknown titration figure or 1 94 — 

1 33 = 0 61, which, multiplied by 177, gives a blood sugar of 
108 mgm per 100 c c 

1 The mixture of 5 c c of 0 45 per cent ZnSQ t 711,0 and 1 c c of JS/10 NaOIf u 
neutral or wry slightly acid to t trims paper and contains an excess of rmc sulphate 
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Method of Folin and Wu 

Principle The proteins are precipitated by tungstic acid 
The protein free filtrate is heated with an alkaline cupric tartrate 
solution under standard conditions It is then treated with a 
solution of phosphomolybdic acid, which is reduced in proportion 
to the amount of cuprous salt, and, therefore, m proportion to the 
quantity of sugar The compound formed by reduction of 
phosphomolybdic acid is blue, and the intensity of this colour is 
compared in a colorimeter with that of standard solution of pure 
dextrose similarly treated 


















INTERPRETATION OF BLOOD SUGAR 


143 


Solutions (1) Ten per cent sodium tungstate (Na 2 W0 4 2H 2 0) 

(2) 2/3 If sulphuric acid 

(3) Alkaline copper solution 

Dissoh e 40 gm of anhydrous sodium carbonate in about 400 c c 
of water and transfer to a 1,000 cc flask Add 
7 5 gm of tartaric acid and wait till this has 
dissolv ed Then transfer quantitatively to the flask 
4 5 gm of crystalline copper sulphate which has been 
dissolved m about 100 c c of water Mix and make 
up to volume A sediment often forms m time, in 
which case decant the clear supernatant solution 

(4) Phosphomolybdic acid solution 
^ Dissolve 35 gm of molybdic acid and 5 gm of 
sodium tungstate in 200 c c of 10 per cent NaOH 
plus 200 c c of water in a litre beaker Boil 
vigorously for twenty to forty minutes so as to 
remove as completely as possible the ammonia 
present in the molybdic acid Cool and transfer 
to a 500 o c volumetric flask, washing in with 
sufficient water to make the volume about 350 c c Flo 38 Polin 8 
Add 125 c c of 89 per cent w/w phosphoric acid eugar tube 
(SGI 75) and make up to the 500 c c 

(5) Stock glucose solution (1 per cent ) 

Prepare a saturated solution of benzoic acid bj adding 2 5 gm 
to 1,000 c c of boiling w ater, and allow mg to cool 

Dissolve 1 gm of pure dry glucose in 100 c c of the saturated 
benzoic acid This solution appears to keep indefinitely 

(6) Glucose standard solutions (0 01 and 0 02 per cent ) 

These are prepared by diluting the stock 1 per cent solution 
1 m 100 and 2 m 100 respectively with the saturated benzoic acid 

Techmque Precipitate the proteins as follows in — 

11 hole Blood Plasma or Serum 

1 volume of whole blood 1 volume of plasma 

7 volumes of w ater , 8 volumes of water 

2 ntfame of owvuuTu iattgs't-sfe ' I rrfeune of tangsteto 

1 volume of sulphuric acid \ volume of H 2 S0 4 

(Dilution of blood 1 in 10) (Dilution of plasma 1 in 10 ) 

Uso accurate Ostwald pipettes for the blood (or plasma) Mix 
and stand till precipitate clumps Filter through an acid washed 
filter paper (Whatman No 41) 

In a Folin's tube (Fig 38) place 2 e c of filtrate and 2 c e of 
alkaline copper solution 

In two more Tohn’s tubes, A and B, place — 

A B 

2 c c of 0 01 per cent glucose 2 c c of 0 02 per cent glucose 

2 c c of alkaline copper solution 2 e c of alkaline copper solution 

Thc®e are the standards 

In each case mi* and pi ice in a boiling water bath for exact K p*x 


n 


cj 
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minutes Coo! for one or two minutes only, and without shaking 
(to avoid reoxidation of cuprous oxide by air) 

To each tube add 2 c c of phosphomolybdic acid solution, and 
when the cuprous oxide has dissolved dilute to the 25 c c mark 
w ith w ater and mix thoroughly 

Compare the unknown in a colorimeter, with the standard A 
or B, whichever it most nearly matches m colour 
Calculation (Standard A) * 

Let S be reading of standard, U of unknown Let x be mgm of 
glucose m the 2 c c of blood filtrate used 

The standard tube contains 2 c c of 0 01 per cent glucose 
•*t ' 100 cc of standard. A solution contain 10 mgm of glucose 


X 

2 


10 • 

100 ” " 

10 X 2 

- jqq — =02 mgm of glucose 


ixU = 02xS 

o. °2xS , , 

x = — — mgm of glucose 

10 c c of blood filtrate are derived from 1 c c of blood 
2 .* „ „ „ 0 2 ,, 


0 2 c c of blood contains 0 ^ mgm of glucose 

, 02 XS 

inros 

100 „ „ 0-x 100 „ 


Usmg standard B 

Blood sugar equals ^ 


X 200 mgm per 100 c c 


Method of Folln and Wil for 0 1 c c of Blood 
(Micro Fobn ar Wu method) 

Pnncipfe As in original method 
Solutions 

(1) Ten per cent Na 2 W0 4 2H z O 

(2) 2/3 N H 2 S0 4 

(3) Alkaline copper 

(4) Phosphomolybdic acid 

(5) Stock glucose solution (0 1 per cent ) 

Prepare a saturated solution of benzoic acid by adding 2 5 gm 
to 1 000 c c of boiling water and allowing to cool 

Dissolve 0 1 gm of pure dry glucose in 100 c c of the saturated 
benzoic acid solution This will keep almost indefinitely 

(6) Glucose standard solution (0 005 per cent ) 

Dilute 5 c c of the stock glucose solution with saturated benzoic 
acid an a 100 c c volumetric flask 


L As in original method 
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Technique 

In a small test tube place 
{about 20 X 75 mm externally) 


3 5 c c of distilled water 
0 1 c c of blood 

0 2c c of 10 per cent sod tungstate 
02 cc of 2/3 N sulphuric acid 


Mix Stand ten minutes or until protein precipitate clumps Filter 
through acid washed filter paper (7 cm Whatman No 41) 


In a Fokn’s tube place 


|2cc of blood filtrate 
t 2 c c of alkaline copper solution 


In two more Folm’s tubes A and B, place — 

A B 

2 c c of 0 005 per cent glucose 1 c c of distilled water 

2 c c of alkaline copper solution 1 c c of 0 005 per cent glucose 

2 c c of alkaline copper solution 

These are the standards 

In each case mix and place m a boding water bath for exactly 
six minutes Cool for one or two minutes only, and without shaking 
(If cooling is prolonged there is a nsk of oxidation of cuprous oxide 
bj air ) 

To each tube add 2 c c of phosphomolybdic acid solution, ddute 
to the 12 5 mark with water, and mix thoroughly Allow to stand 
for a few minutes until CO. has escaped , otherwise bubbles may 
get on to the under surface of the plungers, or adhere to the bottom 
of the cups, and spoil the colorimetric readings 

Compare the unknown with the standard A or B, whichever it 
most nearly matches in colour 

Calculation Let ,the unhfiown be placed in the left hand cup 
at 40 mm Let S be the reading of the standard' which is placed 
in the right hand cup and moved till it matches ’the unknown 
Then — 

With standard A 

g 

Blood sugar = ^X 01 x 2,000 — § x S mgm per 100 c c 
With standard B 

g 

Blood sugar = ^ X 0 05 X 2,000 = 2 6 X S mgra per 100 c c 

Calculation from First Principles (Standard A) Let S bo reading 
of standard U of unknown Let x be mgm of sugar in the 2 c c 
of blood filtrate taken 

The standard tube contains 2 c c of 0 005 per cent glucose 
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100 c c of standard solution contain 5 mgm of glucose 

g 

1 »» » » ^contains jQp mgm of glucose 


5x2 

contain - =01 mgm of 


*xU=01 xS 

01 x s 


glucose 


mgm of glucose 


4 c c of blood filtrate are derived from 0 1 c c of blood 
2 » » „ „ 0 05 

0 05 c c of blood contains ^ mgm of glucose 


1 

100 c< 

and if U be set at 40 mm , 


01 x S 
U X 005 

. 0 1 X S X 100 

“im ~ u x o 05 " 
S 

= jX 200, 


Then 100 c c of blood contam ^ x 200 = 5 x S mgm 
Similarly with standard B, 

Blood sugar = 25 X S mgm per 100 c c 
Blank A blank should be performed with each new set of 
reagents employed using 0 1 c c of distilled water instead of 0 1 c C 
of blood otherwise proceeding as above The blank should not 
show more than a just detectable very pale blue tint 

High Blood-sugars For values exceeding 300 mgm per 100 c c , 
use 1 c c of blood filtrate and c of water, and allow for the 
dilution m the calculation 


ESTIMATION OF TRUE GLUCOSE OF BLOOD 
As indicated already, several of the methods commonly employed 
for estimating blood sugar give slightly higher values than the true 
glucose content of the blood and these are often referred to os 
enhanced glucose ’ values It is not correct to calculate the true 
, glucose by deducting the non fermentable reducing substance 
(some 20 to 30 mgm — as glucose — per 100 c c ) from the enhanced 
glucose ” value because in different methods varying proportions 
of this non fermentable reducing substance are included Methods 
have been devised for estimating only the glucose, but these as yet 
have not been widely adopted in routine clinical practice Herbert 
and Bourne have shown that the true glucose values of the blood 
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raaj be calculated approximately by making the following deductions 
from the observed blood sugar values — 

Method Jfgra per 100 cc to be deducted 

Original Hagedom and -Jensen (see p 139) 4 

Original Folin and \Yu (see p 142) 11 (9-16) 

Shaffer Hartmann 20 

Since the non glucose reducing substances are mainly inside the * 
corpuscles clearly variations in the number of blood corpuscles 
(anaemia polycythemia anhydnemia) will influence the number of 
milligrammes which should be deducted but even then the deduction 
would be relatively sbght It is possible that some pathological 
bloods may contain a greatly increased amount of non glucose 
reducing substance per corpuscle but Herbert and Bourne found 
bttle variation from the normal range in their senes of pathological 
bloods 

It is mainly in the interpretation of values which are low that 
methods measuring only the glucose might be expected to be 
superior In actual practice in a given laboratory where all analyses 
are made by one particular technique it does not matter much 
winch method is selected It is in studying in the literature the 
results by a vanety of techniques that the difficulty arises and to 
make matters worse in several publications no reference is made 
to the method employed 

In human blood the chief substance other than glucose responsible 
for the reduction is glutathione which is confined to the corpuscles 
Herbert and Bourne and Folin working independently both 
introduced methods in winch this substance was removed by 
diluting the blood w ith an isotonic solution of sodium sulphate so 
that the corpuscles were subsequently precipitated mtact with the 
plasma proteins For a fuller discussion of the Bubject the reader 
is referred to the articles by the authors quoted Herbert and 
Bourne s technique follows 

Herbert and irne's Method 

Ihis is simply an application of the Folin and Wu analysis to 
the tungstic acid filtrate of non hsemolysed blood 

The reagents are the same as those given on p 144 with the 
addition of a solution of 3 0 per cent crystalline sodium sulphate 
(Na 2 S0 4 10H 2 O) but the glucose standard is 0 01 per cent instead 
of 0 005 per cent 

/ 3 6 c c of sodium sulphate solution 
_ , I 0 2 c c of blood 

In a centrifuge tube place 1 0 I o c of 10 per cent sod tungstate ’ 

* \ 0 1 c e of 2/3 N sulphuric acid 
Mix rapidly 1 and separate the fluid at once bj centrifuging and 
pouring the supernatant fluid through a small filter paper (Whatman 

* The mixture el ould be bright red tl e corpuscles must not bo haroolysed 
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No 41, 5 5 cm.). It is possible to obtain just over 2 c c. of filtrate, 
provided the paper is of the size mentioned 

The subsequent treatment of the 2 c.c of blood-filtrate and the 
preparation of the standards is exactly as described on p 145, except 
that the concentrations of the standards are doubled 

The calculation of the results is the same as given on p 145, 
because, though 2 c c of filtrate corresponds to 0 1 c c. of blood 
(instead of 0 05 c c ), each standard contains twice as much glucose. 
With standard A (2 c c. of 0 01 per cent glucose), 

100 c c of blood contain ^ x 200 mgm. 

With standard B (1 c c. of 0 01 per cent glucose), 

100 c c of blood contain X 100 mgm. of glucose. 
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CHAPTER VIII 


CHEMICAL TESTS IN DIABETES MELUTUS AND 
THE CONTROL OF INSULIN TREATMENT 

Books Joslm’s Treatment of Diabetes Mellitus 

Lawrence's The Diabetic Life 

Insulin Its Use in the Treatment of Diabetes, by Macleod and 
Campbell 

Graham’s Pathology and Treatment of Diabetes Mellitus 

MacLean a Modem Methods in the Diagnosis and Treatment of 
Qlycosuna and Diabetes 

White's Diabetes m Childhood and Adolescence 

“ Diabetes m Children ” article in Garrod, Batten, Thurafield and 
Paterson's Diseases of Children 

INTRODUCTION 

For purposes of description cases of diabetes will be classified 
according to seventy It should be noted that the apparent 
seventy when first seen cl inica lly will not ne cessari ly be thejame 
asTHe re al seve nty The r eal severity o f i icaBe can only bo judged C''"' 
from the response to treatme nt A patient who at first appears 
Co have S evere diabet es may respond* exceedingly well whereas 
another patient who, when, fir st exam ined clinically, appears to 
have a, mild form , may p rove resistant to treatme nt The previous 
treatment (if any) will often influence the apparent seventy of a 
case which has just c ome under observation In other words, 
the chemical findings, as usu al, must alw ays be c onsidered together 
with the clinical evidence 

In discussing chemical tests m jhabetes it is jmp<j££jble to avoid 
mentioning treatment, because the t eats a re not only re quired for (o 
p urposes of i dia gnosis, butm lso to control the treatment IL is, 
however, impossible in a book of this sizeto discuss the great variety 
in the details of treatment in vogue to-day , the reader is referred 
to the publications of Joslin Graham and Lawrence The blood 
sugarjvalues reported m the tables in this chapter were all obtained 
by MacLcan'a meth od, and all refer to capdlaryjblqpd 

ROUTINE EXAMINATIONS IN DIABETES 

The routme examination of the unne (Chapter II) will have 
revealed gly cosuri a with or without_hetonuna A rough idea of 
the concentration of sugar may be gamed by the use of Fehhng s 
testjis described in Chapter VT The ferric chIonde_test fo~ acctn 
acetic aci d should be performed as/vvell n s Rotheraa test If 
Rothera’s test is pos i tive, hut Gcrlia mt's t est is negative, t here i s 
g ener ally no im media t«_risL-of seriou s acidos is If Gerhard t ’a test 

. vy 

6 ,' " 
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is positive the patient should be carefully watched for clinical signs 
of a cidos is, and whenever possible either the CO? co mbining~powe r 
of the plasm a or t he CO., content should b e es timate d (Chapter IX). 
A positi ve ferric chloride test by itself is by no mean s a cau se fo r 
alarm , but should be regarded as a warning of possible danger V 
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be particularly high when firs t seen (e g , 200 to 300 mgm ), and jet 
strenuous treat ment may be required to bring it dowfi to normal 

Case No 68 Female Age 56 Mil d dia betes P robable du ration 
one month Qualitative restriction of diet only No insu lin 
No fasting and no “ half ration " days 


Day of Treatment j 

Fasting Blood s igar 
tnjm per 100 c c J 

j Twenty four Hours Urine 


Glycoaurta 

Ketoauc a 
(Rothera g Test) 

0 

680 

+ + + 

V si tr 

4 

202 

+ + 

Tr 

8 

158 

V si tr 

SI tr 

11 

130 

0 

Tr 

18 | 

90 

0 

Tr 

22 

89 

0 

Tr 

26 

108 

0 

Tr 

34 

104 

0 

Tr 


4 POTENTIAL 

These patients have no c 


DIABETES 

of diabete s Usually 


✓the g lycosuria is d iscovered during routine examinatio n (eg , in 
li fe assur anc e wo rk), and is mild i n deg ree When on^ a f ull die t 
th ere is no ketonuria A careful clinical examination reveals jio 
poss ible cause lor”" the gly cosuria and bo they are l abel led 
“ diabetes,” al thou gh, strictly speaking, the absenc e of polyuria 
re nders the use uf the term wvsve* e (&ia£aivtn> to go through) 
An isolated estimatio n of the blood sugar may demonstrate definite 
hyperg lyce mia, "but more often thediagnosis depends on the 
J fiood sugar-curv e (Chapter VII) 

V A qualitative ” (bet, i e , omission of free suga r and slight 
rest riction of st arch ed is usually all that is required in the 
treatment of these patients ( cf Case No 68, above) After one or 
t oo -w eeks of treatment the blood sugar maj be estim ated h ourly 
after o ne of tha jnam meals to make sure that it is strictly within 
norma l lim its These patients should be v arned not to reduce their 
d iet s ufficiently to cause lo ss of we ight, and not to redu ce, th eir 
carbohydrates excessi vely lest ketosis result This is important, 
because they are not uncommonly frightened by the su ggestio n of 

result that 


diabetes, and res trict their diet too s evere ly , wiflTtho 

at the next visit the physici an fi nds both loss of weight and ketonuria 

p ~j 
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and may take too serious a view of the case, thereby causing even 
greater mentfcl distress: Should this have already occurred, tho 
only thing to do is to demonstrate to the patient the mildness of 
his condition by placing him, temporarily afTeast, on a generous 
but accurately measured quantitative diet, e g , in the case of an 
adult 200 gm, of carbohydrate, 100 gm of protein, and 100 gm. of 
fat, or 2,160 Calories daily. After one or two weeks of such treatment 
examination of the urine and a blood-sugar curve (after one of the 
meats) may be performed to demonstrate that the treatment is 
satisfactory. It has been suggested that jnsulin might be used as 
a “ proph ylactic in “ potential ” diabetes Whether it would be 
of value is an open question In most cases the extra demands 
made on both patient and physician would scarcely seem worth 
while. 

MILD DIABETES 

There are i ndefin ite or mild symptoms j af diabetes The urine 
contains as a. runTjiinall or m odera te amounts of d extro se, and 
there may or may not be ketonun a, but no clinical symptoms of 

Case No, 64. Male Age 29. Mtld diabetes of recent onset 
Quantitative dieting No insulin No fasting and no “ half- 
ration ” days 
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acidosis If the blood sugat_be estimat ed o n e to two ho urs after 
a fu jT mixed meal Jthere is d efinite hvperglvc&mi a fore at er than 
200 mgm per 100 c c ) In some cases the n ight's fast m ay suffic e 
to Jinng the_e arly morning blood sugar d own t o with in norma l 
limits (8 0 to 120 mg m per 100 c c ) It is in mild c ases like the*e 
that an estimation of the blood sugar b efore breakfa st is often 
uns atisfa ctory as an aid to diagnosis In any case of d oubt the 
diagnosis should be settl ed by making a bl ood sugar curve .afte r 
25 to 50 g m o f dextros e (see Chapter VII) 

MJcTaiabetics will resp ond sati sfactori ly to di etetic t reatment 
wi thout ins ulin That is to say, if they are placed on the minimum 
diet sufficient to maintain weight and permit light work, their urine 
will become free from sugar and their blood-sugar will fall to a 
normal level { cf Case No 64) 

It is necessary to estimate the bl ood sugar at the be ginn ing in 
order to est ablish the diagnosis After that it is not essential to 
make t he e stimation a g am until t he u nne has become free from 
sugar, unless the re nal thresh old f or dextrose be s ubnorm al A lowered 
thre shol d is some time s found i n diabet es, but is uncommon, in 
such a case, of cour se, glvc osuna will p ersis t after the b lood su gar 
h as become norma l When, the urine has become free from sugar, 
a n estim ation of the f asting blood sugar is ma de every th ird da y or 
so until it has fallen to below 120 m gm per 100 c c Until the 
fasting level is norm al there is no point in determining the influence 
of food on the "bldod sugar When that stage has been reached, a 
blood sugar curve may be made afte r one or m ore o f the p rescri bed 
meals (see table below) If the bloody sugar nfeverexceeds 160 mgm 
per 100 c c af ter m eals, and if it falls bel ow 120 m gm some three 
or four hours after each meal it is s atisfac tory If the patient’s 
clinical condition is good and his we ight is stationary or rising 

Blood sugar {mgm per 100 c c ) after (he meals of the prescribed 
1 diets Case No 64 


Day of Treatment 

| 23rd 

| 29th 

| 39th 

Fasting 

90 

■ 


I hour after breakfast 

97 



2£ hours „ 

100 

102 

118 

1 $ hours after lunch _ 

103 

106 

135 

3 „ , 

90 


124 

4} 

119 

117 

— 


Hole Lunch waa taken two and a half hours after breakfast 
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slight!} , the diet may be regarded as suitable This sa me int ake of 
carbohydrate, protein, fat and calories should be unaltered /or 
two or three months, when it may be increased shghtl} Ea ch 
alteration of diet should be followed, say, in a w eek’s tim e, by blood 
and uri ne tests m order to de monstrate wh ether it is, or is~~not, 
satisfactory 

"I nsulin m ay be used m these mild cas es if desired, but it is not 
essential Occasionally it is useful at the beginning of treatment to 
shorten the “ de sugansing ” period, but it makes the management 
of the case more complicated, and if the influence of quantitative 
dieting alone is not already luiown, its use may_be unpleasant for 
the patient and occasionally dangerous Another use for insulin 
in these mild cases is to permit larger diets than would otherwise 
be prescribed , m other words, to allow “ luxuries ” It is largel} 
for the patient to decide whether the inconvenience of the injections 
and the increased difficulties of treatment are more than counter 
balanced by the extra pleasures of the increased diet It should 
be remembered, however, that 1 unit of insulin w ill “ take care of ” 
about 4 gm of dextrose in these mild cases TVhen it is _rea_li*ed 
that this am ount of sugar is yielded by I oz of brea d, it will be 
seen that even m milacases insulin would have to be given in 
enormous doses in order to allow of anything like a full diet 

MODERATELY SEVERE DIABETES 
There are definite and t ypical symptoms of diabetes with ma rked 
glycosuria K etonuna is present , the ferric chloride test of tenbeiftg 
positive There are no ciuncaT symptoms of a cidos is At whatever 
hour of the day the blo od is tak en, hyperg lycemia will be found 
/ A blood sugar curve after a dose of sugar is not necessary to settle 
2_the diagnosis I ndee d, the patient’s condition may be made worse 
by Hi e dextr ose In other wordsTTEfTcbagnosis is obvious, and is 
clinched by a Bingle blood sugar determination 

Qua ntitative dieting shou ld be started at once The only 
question is whether or nokansulm-s hould be given The procedure 
adopted will depend largely on the circumstances In hospital 
practice, where blood as AosteniJy and lepea tediy available., 

ins ulin is generally given so as to “ desu ganse ” the patient as 
quickly as possible In p rivate prac tice, unless resource to blood 
analysis is available, it is generally w iser to try the effec t of a 
quan titative diet alone, s av. f or a week or two Unless the e ffect 
of this be known, it is very hard to estimate the dose of insulin 
requireS Moreover, it is wise to see first whether the patient is 
able and willing to carry out the dieting accurately Case No 66, 
p 156 shows what may happen with dieting alone This patient 
needed and subsequently received insulin 

Case No 76, p 157, gives an example of the use of insulin at the 
beginning of treatment In hospital practice it is often safe to give 
relatively large doses of insulin from the start If too large a dose 
be given it is easy enough to “ perform a back titration with glucose 
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Constant observation by the nursing staff and blood sugar tests are 
always to band In ordinary practice it would generally be wiser 
to try the ef fect of die t for a week or two and then to add insuli n 
in small doses [eg , 5 units twic e a da y) for a week and then to 
increase the insulin by~ a few u nits (5 to 10 ) at weekly interva ls till 
the proper dose is determined It is far e asier t o fix the diet and 
to adjust the msulinjo the fixed diet than mcetersd So long as *7 
glyc osuria persists (e g , in all specimens collected at two or three \ 
hourly "intervals) t her^ is no risk of hypoglycem ia, e xcevt m thos e ll S' 
u ncommon cases which have a low re nal threshold for dextrose. 'J 

The existence of a l ow thresho ld can only be demonstrated 
by combined blood and ur inary analys es (c/ Renal Glycosuria, 
Chapter VII) If) therefore glycosuria persists m spite of great 
improvement m the cluucal condition or if an isoIated__estiniation 
shows th e blood sugar to be less than 160 m gra pe r 100 c c and yet 
to be coincident with gly cosu ria then it is wise to obtain data for 
a blood sugarcurve after one of the prescribed meals Case No 77 
provides an illustration 

The patient s twenty four hours urine usually contained slight traces of elf gar 
and yet isolated estimations ot blood sugar always fell well within normal limits 
From the table it mil be Been that slight glycosuria occurred during the period 
five to six hours after insulin and yet the blood sugar at the beginning of this 
period was 137 mgm and at the end ragro per 100 ec The blood sugar 
oscillates irregularly after a mixed meal (cf Fig 30 Chapter VII) and may have 
risen higher than the initial figure jn this case — perhaps to 1 40 or even 1 60 mgm 
at some time during the period of one hour None the less it is almost certain that 
the threshold must have been lowered it was probably set at a figure of the order 
of 130 to 160 mgm per 100 c c 


Case No 77 Male Age 10 Blood sugar curie after insulin 
and two meals showing a lowering of the renal threshold 


Hoots after 
Insulin 

1 Blood sugar | 
mgm per 

100 c C 

- - 

O RITE if 

He marks 

1 Glycosuria 

KetoourU 
Itothera > 

H 

63 

— 

— 


2! 

60 

0 

Trace i 

31 

65 

0 

+ 1 

0 

137 

0 

Trace j 


6 

126 

SI tr 1 

+ 


IS ole Breakfast (C 15 P 16 j I 35) was half an hour and dinner C 15 P 21 
F 20$) was three and three quarter hours after 8 units of insulin 
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Disregarding now these cases with a lowered threshold, when the 

unne becomes free from sugar it is a, good rule always to resort to 

h lood sugar estimation s It is p ossibl e to be guided by hypo glycemic 
symptoms, but this procedure is not without risk Cases of diahetes" 

With a raised threshold may have 4 hyperglycemia sine glycosuria " 

(Chapter VII) If one is aiming at anormai level of hlood sugar, 1 
it is obviously necessary to resort to blood analysis in these cases 
In short, the difficulties in the use oTTnsulin may be summed up 
as varying inversely with the ease of access to blood analysis 


Case No 66. Male Age 45 Moderately severe diabetes Effect 
of quantitative diet of 36 gm of carbohydrate, 76| gm of protein, 
112$ gm of fat, or 1,510 Calories 


Dty of 
Treat 
meat. 

Tilling 
Hlood 
sugsr 
mum per 
100 cc 

Twisty »ocx Hoots 

U»EIB 

Body Height allhout 
i clothes 

Cslortet 

per 

lfgm 

Clycosurl* 

gm 

Ket omuls 

lb 

kgffl 

Bothers t 
Test 

Cerhsrdt s 
Test 

0 

11 

+ + + 


Poe 

109 

49 5 

30-5 

1 

196 

+ + + 

wm 

Nog 

l 

- 

- 

2 


53 1 

++ 

Nog 

- 

- 

- 

3 

201 

65 8 

+ 

Neg 

no 

49 9 

30 

4 

163 

59 8 

++ 

Neg 

- 


- 

6 

225 

64 6 

++ 

Neg 

- 

- 

- 

6 

- 

58 9 

+++ 

Pos 

108 

49 I 

31 

7 

219 

48 4 

++ 

Neg 

- 

~ 

- 

S 

- 

56 1 

+ ■+- 

Neg 

- 

- 

- 

9 


57 2 

++ 

Neg 

107$ 

48 8 

31 

10 

206 

60 8 

++ 

Neg 


- 

— 


Note Both the fasting level of blood sugar and the daily excretion of 
remained practically constant on the fixed diet, and the patient s weight dropped 
slightly Insulin was obviously required and was started a few weeks later >■« 
trying the f&stmg treatment (Allen a scheme) which was no more successful than t o 
above fixed diet Two years later the patient was on a fixed intake of 35 gm « 
carbohydrate 70 gm of protein and 120 gm of fat, or 1 547 Calories with 14 um 
of insulin in the morning and 10 units in the evening Hia weight had risen i 
137 lb , or 62 2 kgm His diet thus yielded 25 Calories per hgra on which he w 
fully able to do light work His cluneal condition waa excellent 
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Case No 76 Female Age 6 Moderately Severe Diabetes Diet 
fixed of 70 gm of carbohydrate , 50 gm of protein and 100 gm of 
fat, or 1,422 Calories daily Dose of insulin adjusted to fixed 
diet as a result of urine and blood analyses 



Notes It will be seen that tlie diet in Cose 76 was relatively much larger than 
in Case CG This was in order to permit growth 

After the thirtieth day of treatment the patient had alight hypoglycsemic ayrop 
toms The dose of insulin had tlierefore to be decreased Aa the patient put on 
weight and os presumably, the glycogen stores became fuller it became more and 
more difficult to avoid hypoglycsemic symptoms at one time and slight gljcosuna 
at Other times of the day It was essential to make estimations of the blood -sugar 
to seo that tlio treatment was satisfactory These showed that in this case mere 
traces of sugar in the unne were accompanied by a satisfactory level of blood-sugar 
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SUMMARY OF TREATMENT OF ABOVE GROUPS 

The great majority of cases met with in general practice fall 
into one or other of the grades described above Treatment is not 
a matter of extreme urgency In practice, in dealing' with anj 
one individual patient, it is simplest'and safest to try m order the 
results of treatment (a) by q ualitat ive restrictions of diet, (6) by 
quantitative dieting, and (c) by" quantitative dieting plus insulin 
The practitioner can do this himself, provided he is m a position to 
have occasional estimations of the blood sugar made to guide him 
in the various steps By this method he can gauge the seventy 
of the disease, and tv ill discover whether the patient can be trusted 
to play his part With this information it is relatively simple and 
safe to start insulin treatment (whenever the results of the previous 
dietetic treatment point to its being necessary or desirable) The 
converse method, viz , using insulin from the start, may be defended 
on the grounds that the disease may be more quicldy got under 
control But this makes treatment much m ore complicated and 
the necessity for repeated blood sugar estimations much greater, 
and the patient is not properly educated to re alise th e all imp ortant, 
influence of diet In most cases, no doubt, i t wo uld be perfec tly 
safe to u se insulin from the beginning , but in jtje w case s, owing to 
the fact that _80 little would be kn own a s to the patient’s abilit y 
to supply insulin endogenously, the exogenous insulin would result 
m severe and possibly dangerous symptoms of hypoglycemia 

In the severe cases to be described m the next two sections, the 
practitioner would be well advised to insist upon institutional 
treatment at the start, unless he has much experience with insulin 
treatment, and has abundant facihties for repeated blood analyses 

SEVERE DIABETES 

There are typical symptoms o f diabet es with a str ongly posit ive 
fe jric chloride t gst, and either clinical signs of acidosi s, or egme 
other comphcation, e g , gangrene, sepsis, e tc , whic h makes the 
case serious Gl ycosuria and hvpe rglycsemia are marked An 
lSoIatecTestunation of blood sugar at any time of the day su ffices 
to clinch the diagno sis 

The immediatedise of insulin is indicated The only question is 
whether food is to be given or withheld Thi3 will depend on the 
circumstances m each individual case If food is given, strictly 
quantitative measurements must be made It is simplest to fix 
the diet at, say, 20 to 25 Calories per kgm , and to adjust the doses 
of ins ulin as a result of blood sugar estimations An estimation 
either of the C0 2 combining power of the true plasma, or of the 
C0 2 content, should be made on admission If the alkali reserve 
is depleted, sodium bicarbonate may be administered for a day or 

two, but this drug should not be continued owing to the dangers of 

alkalosis (see Chapter IX) 

WJien a really s evere diab etic i s first jyjsited at his own home, 
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an initial close of JULtqJM) units of insulin, and the institution of a 
compete fast, is perfect ly safe during the few hours which must 
elapse before he can be transferred to an institution The prompt 
administration of insulin in this way may make just the difference 
to a case on the verge of coma 


VERY SEVERE OR COMATOSE CASES 
A sample of \enous blood should be taken atone e f qr e stimation 
of the alkali reserv e and of the sugar content Probably the urme 
vr£U already have been examined, but, if not, a sample should be 
obtained at once, if necessary with the aid of a catheter If clinically 
there is no j jpubt of the diagnosis an i njecti on of 15 to 20 un its 
of insulin should be given immediately — preferably intravenously 
If there is a doubt as to the cause of the c oma it is w iser to wait 
until the blo od analysis is c ompleted before giving i nsulin It 
should be noted in this connection that the p resenc e of gly cosu ria t 
and of k etonaria is not proof positive that the c oma is diabeti c in I i-*— 
origin fc.eton uria.jnay occur in any com atose c onditi on m_a ve ry 1 
fe w hou r6~(eV, six hou rs) simplyrec ause the pat ient has~had ji o K* ^ 
food Glyco suria may be foun d as a resu lt of increased intracrania l | 
p ressure, etc Thus cases of tu berculous meningi tis apoplexy, and I 
‘ frac tured b ase ” may have both ketonuria anogl ycosu na. butthe/ 
gly co suria is usually slight The findin g of marked glycosuria 
(e.g , exceeding 5 per ce nt ) i s strongly in fa vour o? diabetes, but STy t 
the de monstra tion thatgly cosuria is shg ht doe s not ex clude d iabetes, 
because sugar ex cretio n may he poor o wing t o renal failu re 

A complete fast should be instituted, together with the £sual 
treat ment of diab etic co ma (eg , ab undant water , alka li w armt h, 
ete ) 

It is i mpossible to treat comatose patients satisfactorily without 
repeated esti matio ns of the blo od su gar, but where there is no 
doubt* of the diagnosis the practitioner Bhould always give the 
patient the gr eatest chance of recovery by making an immediate 
injection of 1 5 to 20 units o f insulin after winch admission to a 
suitable institution is arranged as soon as possible 

The dose a nd Unie of sub sequent injections of msulin will depend 
on the clinical condition and the results of blood analysis 

Some authorities consider that there is no point in giving dextrose 
together with the insulin so long as there is a large excess of sugar 
m the blood, e g , hy perglycaem ia exceeding 250 mgm per 100 c c 
Glucose or carb _oh\d rate in rapidly assimilable form (e g , orange 
juice) should be a vailable m case of hypoglycemi a A dose of S_gm 
of carboh ydra te usually sultices to cor rect sliglit hv pogly cosmic 
symptoms, and this should bo repeated should symptoms recur 
When the blood sugar is reaching normal lei els, or when for any 
reason estimations are temporarily not available, the insulin may 
he “ covered ” by glucose An .a llowance of 1 to 2 gm of dextros e 
p er unit of insulin is generally ample m these severe c ases In the 



ICO CHAPTER VIII 

example given 'below (Case No 81), on two occasions there was a 
question as to whether hypoglycemia was developing. Blood was 
accordmgly taken for analysis, and 5 gra. of carbohydrate (orange) 
were given to tide over the interval required to complete the 
estihiation. 

Others, however, believe that the combination of insulin and 
glucose has definite advantages, because it makes certain of the 
immediate provision of sufficient energy to stop the incomplete 
combustion of body proteins and fats, and therefore stops the furt her 
production of ketone bodies ; also because it speeds up the oxidation 
of the ketone bodies already present in the body, and hastens the 
re-formation of the glycogen stores. Those who support these 
viewB disregard temporarily the hyperglycsemia and glycosuria 
until the emergency is passed, but, of course, thereafter promote 
the usual balance between the diet and the dose of insulin. 


Case No. 81. Female. Age 9. Admitted in coma 
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PREPARATION FOR SURGICAL OPERATIONS 

Cases needing operat ion require the sa me tes ts_and treatment, 
according to the severity of the diabetes, as outlined above, 
"Where the operation is not urgent, the diabetic__ehquld be t reated 
medically first , and not operated upon until the diabetes isjmder 
satisfactory control. When the operation is_urgent, insulin should 
be used at once. Chemical tests may be important in the post- 
operative treatment. Acidosis may develop and its degree should 
be measured. In cases where a focu s of se psis has been drained, 
the insulin requirement may fall suddenly. Repeated estimations 
of blood-sugar would then be necessary to control properly the doses 
of insulin. 


DIABETES IN PREGNANCY 

R educing substances are not uncommonly found in the urine o f 
p regnant wom en. In some cases the re ducing subs tance is lactose 
(seeChapter VI). In most cases the r educing substa nce is glucose, 
but the glycosuria is of the renal typ e (see Chapter VII). Occasionally 
tr ue diabete s and preg nancy are associat ed. The chem ical te sts and 
the tre atment then vary according to the severity of the diabetes, 
but the principles are similar to those already given. A pregnant 
diabetic requires a rela tively large diet and a gr eater allowa nce of 
protein. The d ose of^ihsu lin generally has to be increased in 
pregnancy, but sometimes^ m ay ha ve to be decreased in the later 
months, possibly owing to a supply of endogen ous in sulin from the 
fcetus The actual labour may be regarded as on a par with a surgical 
operation (see above). After labour the d iabetic m other may 
require careful treatment and repeated estimations of blood- sugar, 
the Bupply of insulin from the fcetus having been removed. 

SEPTIC COMPLICATIONS AND INTERCURRENT INFECTIONS 

It is well recognised that seps is and infections make it necessary 
to in crease the dose of insu lin. Even a c old in t he head may cause 
a slight nse in the blood-sugar, rrhich must be met by extra uisulin. 

Caso No 81, p ICO, the fifty seventh day of treatment, illustrates the influence 
of mild sepsis clearly The patient was on a fixed intake of carbohydrate, protein 
and fat, and hod been under perfect control with insultn for several weeks previously 
One day glycosuria was noted during the routine daily laboratory examination. 
Tho possibility of the patient having broken diet was excluded Systematic 
examination revealed a suppurating whitlow of the big toe. An extra 7 units of 
insulin were required to bring the blood sugar back to normal limits. When, with 
local treatment, the focus of sepsis cleared up, the extra insulin had to he discontinued 
to avoid hypoglycsemic reactions. 

The onset of severe sepsis not uncommonly precipitates coma. 
Therefore, all comatose.patients should be carefully searched for a 
focus of seps is. Sometimes these severe cases require an enormous 
increase m insulin, dady doses of 200 to 1,200 units having been 
recorded as necessary in a few instances. It is not known why 
sepsis has this striking effect. As a result of work on rabbits infected 
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with diphtheria toxm, Lawrence and Buckley suggest that sepsis 
and infections may raise the insulin requirements owing to the 
action of the toxins on the thyroid and adrenal glands, thereby 
causing an increase of their internal secretions and hyperglycienua 
Whatever the true explanation may be, the obvious remedy is to 
increase the dose of insulin In mild infe ctions and mild sepsis an 
extra 5 to JO units daily generally suffices The actual doseinay often 
be decided simply by urinary examinations for sugar In severe 
cases, when large doses are necessary, resort to blood analysis is 
usually essential, and this is particularly important when sudden 
changes may occur, e g , after drainage of an abscess 

TUBERCULOSIS 

It is an old clinical observation that when tuberculosis supervenes, 
the diabetes ap parently im prov es There can be little doubt that in 
many such cases _ the -Tr iniprovement ” was due e ntire ly to re duc tion 
of foo d int ake Even nowadays there is probably not a sufficiently 
wide appreciation of the preponderating influence of diet in diabetes 
Only those who have made accurate quantitative studies can realise 
the variations winch may creep m from the use solely of lists of 
foods “ allowed ” or “ forbidden ” 

At the same time it is wise to bear in mind that many such 
clinical statements, although subsequently proved not to contain 
a whole, often contain a partial truth In this connection it is 
mterestmg to note that Lundberg bebeves be has discovered in the 
tissues of tuberculous patients a substance reducing the blood sugar 
This needs confirmation 

The chemical tests and the plan of treatment necessary m 
diabetes complicated by tuberculosis are no different from those 
required in diabetes not so comphcated, except that treatment 13 
necessary for the tuberculosis as well as the diabetes, and that a 
larger diet and more insulin are required to strengthen and restore 
the loss in weight of a tuberculous diabetic 

NOTES ON DIABETES IN CHILDHOOD 
Most of the following points have been mentioned incidentally 
in previous paragraphs but may conveniently be summarised 

The chemi gal te sts required are the same as for adults, but as a 
rule blood samples "are taken as seldom as possible, because children 
are often frightened by pnehs For several reasons, however, 
bl ood analysis is often particularly importa nt i n c hildren Thus 
the blood sugar may fall ver y ra pidly solely as the result o f diet 
Symptoms of hypoglycaemia are less definite in children than in 
adults, and such symptoms often do not occur till the blood sugar 
has fallen some 20 to 30 mgm below the adult ' hypoglycemic ” 
level (Samson) A lowered renal threshold appears to be commoner 
in children than m adults 

Children develop hetonuria more rapidly and more readily than 
adults (p 178) There is consequently a greater risk of acidosis 
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Thej require relatively larger diets to permit growth, and need 
a higher proportion of protein, relatively more carbohydrate to 
reduce ketosis, and relatively less fat to avoid ketosis and fat 
indigestion 

Insulin is necessary in the majority, and is commonly limited 
to two injections daily owing to a child’s natural dislike of the 
procedure The doses of msulm frequently have to be relatively 
large 


SUGAR TESTS IN BLOOD AND URINE TO CONTROL INSULIN 
TREATMENT 


The necessity for blood sugar determinations has already been 
exemplified on more than one occasion m previous sections In 
brief, they are essential in establishing the preliminary balance 
between a fixed diet and the dose of msulm, and it is dangerous to 
dispense with them in treating a very severe or comatose patient 
p Sugar tests in both blood a nd ur ine are necessary to_d etermme 
J w hether the renal threshold for dextrose in a diabetic is normal, . 
lowered or .raise d (!) If th e threshold is norm al, su bseque nt | 
^xammation of the urine for sugar suffices to control insulin trea t I 


1 


merit' over long per iods" bpt even in these cases it is advisab le and j ^ 
g ives confidence to checkthe urinary findings by an occasion al/ 
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es timation of the blood sugar , say, a t intervals of thr ee mo nths 
If the th reshold is low . and this fortunat ely is u ncom mon, resort to 
"bl ood analysis sho uld be more frequ ent, because the u rine wiljoft en 
co ntain sugar and u rinary examinations alone fail to givtT cert ain 
inf orma tion of hyper glyca Tmia^If the threshold is raised , the urine 
should never c ontain suga r glycosiiria de mands an altera tion jn 
treatment ~~ But though aglycosuri c, the patient may have 
hyperglycemia, and this is considered u ndes irable Blo od analys is 
should therefore be employed more frequently in these casesatso 
The mam purpose of this section is to give the re ader" some id ea 
of the op timum level of blood sugar in insulin treated patient s 
The question arises as to what is the op tim um le vel ot' bloodjiugar 
m order to ins ure t he maximum benefit fro m insuli n med ication 
There are two schools of thought in this matter 11 Those who aim 
at keeping the blood sugar normal and those who pay most 
attention to the clinical c ondition, and do not mind if the blood 
sugar is raised JE G Banting, W R Campbell and A A Fletcher, 
and F M Allen and J W Sherrill agree that the fasting valae of 
the blood sugar should be kept as near normal as possible E P 
Joslm R M Wilder, J R Williams, R Fitz, H Gejelin, R T 
Woodyatt, and their co workers all seem to agree that the clinical 
condition co mes first and that t he blood sugar is a seconda ry 
matte r ” ( Lancet , 1923, n , 671) The English workers are similarly 
divided into two schools 

The writer has attempted to keep tho b lood sugar level a 3 nearly 
“ ryirnml ” as possible, but feels t hat the di stinction between the 
t wo schoo ls referred to above, is sometimes more apparent than 
real Tho differences of opinion are based partly on matters of 
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carbohydrate his bloo d-sugar will rise extreme ly lit tle. Thus 
Poulton .and Payne found that their own blood-sugars varied 
between 80 and lgOjngm. only, on diets limited to greenvegetables, 
protein-and fat (see Fig. 2 in Poulton’s paper). In other words, 
their blood-sugar throughout the twenty-four hours lay within tho 
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fasting limits of healthy individuals If this is to be taken as the 
desired range for diabetics under insulin treatment, very few would 
have a “ normal ” blood sugar throughout the twenty four hours 
In mild cases of diabetes without insulin it is easy enough to keep 
the blood sugar withm such limits {see table, p 153) When, 
however, insulin is given to these mild cases the diet lias to be 
increased, and then it is not so easy to keep the blood sugar within 
the same hmits It can, of course, be done even m fairly severe 
cases, by very careful spacing of the meals with several injections 
of insulin and repeated estimations of the blood sugar percentage, 
but this is not practicable m general As the diabetes becomes more 
severe it becomes increasingly difficult to obtain such a result 
under any conditions Pig 39 shows that it can be done in a fairly 
severe case, but even here an important pomt emerged Limiting 
ourselves as we did to two injections in the twenty four hours, we 
found that the only way to obtain this type of “ normal ” blood 
sugar was to reduce the diet to 20 Cals per kgm , on which the 
patient lost weight and strength Obviously it was not fair to 
continue such a diet for more than a short time (two months) 

Is it possible, then (using a restneted diet and insulin), to keep 
a diabetic’s blood sugar withm the extreme limits of a normal 
individual on a full diet * In the milder cases it certainly is, but 
m more severe cases repeated estimations for several hours show 
that the blood sugar curve does not strictly conform to that of a 
normal individual (Fig 40) In particular, with increasing severity 
of the diabetes, it becomes more and more difficult to obtain a 
normal blood sugar at the end of the night s rest unless an injection 
is made late m the evening or during the night, a procedure not 
commonly adopted ( cf v Noorden and Isaac) 

The position, then, depends on what is meant by a ‘ normal ” 
blood sugar, and on the severity of the diabetes The writer’s 
observations lead to the following conclusions 

(1) The blood sugar in mild cases of diabetes may be made to 
fluctuate between levels of 70 and 130 or 140 mgm without insulin, 
by diet restriction alone 

(2) The blood sugar of mild to moderately severe cases may be 
made to fluctuate between levels of 80 and 180 by dieting and 
insulin , which is usually given m two doses daily The blood sugar 
curves after the prescribed meals of patients treated m this way 
are often not normal, though the highest and lowest points aro 
withm normal limits Thus the level after a night’s fast, and 
between three and four hours after a meal, is often raised (see 
Fig 40) 

(3) The blood sugar of severe cases may be made to fluctuate 
between 80 and 220 to 260 mgm by dieting and insulin If two 
doses of insulin are used, and this is a very common practice, it 
will often be found that there is definite hyperglycemia (160 to 
260 mgm ) first thing in the morning, and that, with increasing 
seventy of the disease the fewer are the number of hours out of the 
twenty four during which the blood sugar lies between 80 and 130 
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(4) More carbohydrate and less fat is used m diabetic diets 
nowadays , there are several dietetic methods of arriving at tho 
same result But when the daily quantities of carbohydrate or of 
total Calories are large it becomes difficult to control the blood-sugar 
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with insulin. Under such conditions the sugar content tends to 
rise rapidly and to fall rapidly (Fig 41) Periods of gross glycosuna 
and symptoms of hypoglycemia, in all except the milder types of 
the disease, tend to follow rapidly one upon the other 

In conclusion, then, of diabetics requiring insulin, an attempt Is 
made to keep the blood -sugar between tho limits of 80 and 180 mgm , 
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and this probably is what most workers mean when they say they 
aim at keeping the blood sugar “ normal M In the severe cases it is 
often difficult to avoid an hyperglycemia of as much as 260 mgm 
per 100 c c for brief periods m the tv enty four hours if only two 
doses of insulin are used, and diets adequate to maintain weight 
and strength are allowed 


The Best T ime for Collecting Blood 

In practice it will obviously rarely be possible to make such 
prolonged observations as are recorded m Figs 39 to 41 It is 
necessary to have s uch cu rves m mind, however, in order to 
interpret isolated observations and in order to select the b est tim es 
at which to make bl ood an alyses ( a b, c and d m Figs 39 to 41) 

It will be seen that the most useful data are (a) t he fasti ng 
le vel befo re the first d ose of insulin, and (6) the lo west lev el .after 
the i njection (the co mmo nest tim e for hyp oglycemic symptom s} 
The time of th e latter, varies with the am ount of carbohydrate in 
the diet and with the duration of treatment On high carbohydrate 
diets it usually occurs t hree to four hou rs (Fig 41), and with low 
carbohydrate diets three" tq~ si x Pou rs after the injection (Figs 30 
and 40) After prolonged treatment the lowe st point tends to be 
nearer six than three hours, possibly owing to the greater amount 
of stored carbohydrate upon which call can be made In the writer a 
experience, this point ( b ) is the b est tune o f the_day for estima ting 
t he blo od sugar if only on e test is to be made , treatment may be 
regarded as satisfactory if the result falls between 80~and 120 m gm 
per 100 c c 

Otherwise isolated tests should be made to check the significance 
of supposed hypoglycsemic symptoms Thus, in addition to the 
morning point ( b ), it is not uncommon to encounter slight 
symptoms either shortly after the second injection of insulin, or 
Boon after the last meal of the day An estimation just before the 
second dose of insuhn (c) will often give warning of the likelihood 
of such symptoms An estimation late in the evening (d) is 
occasionally of value to determine whether the morning hyper 
glycauma has persisted throughout the night, or whether it occurs 
only m the early hours of the morning Tins last test (d), m other 
words, gives some idea as to whether the second dose of insuhn is 
large enough 

These blood sugar estimations can to some extent be replaced, 
and should always be supplemented by urinary tests for sugar, 
always assuming that the renal threshold for dextrose is known 
approximately (see above) If the unne be examined at intervals 
of two or three hours it wall be easily understood that a rough idea 
of the shape of the blood sugar curve can be pictured 

In conclusion once the diet and insuhn have been satisfactorily 
balanced, the work entailed is not nearly so great as might be 
imagined from the above description The patient can often be 
taught to test his own unne, and, given an intelligent patient, visits 
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to the doctor may frequently be lengthened out from intervals of 
one week to intervals of three months If the patient is not 
intelligent, or is unwilling to co-operate, it is dangerous to attempt 
to keep the blood sugar normal Insulin is then best avoided, or 
employed m “ safe ” doses, t e , in amounts insufficient to keep the 
blood sugar normal 


THE HYPOGLYCEMIC LEVEL 
When healthy adults are given a su fficient d ose of insulin, 
hypoglycemic symptoms s tart w hen the blood sugar has fallen 
below 70 nigra , or more often belo w 60 m gm per 100 c c_of capillary 
blood It is impossible to state the hypoglycremic level more exactly, 
for there are slight individual variations, and, as mentioned 
previously (p 146), the level varies a bttle with the technique 
employed for the e stim ation At this hypoglycsemio point the 
venous blood sugar may be still lower,, e g , 30 mgm per 100 c c 
For subjects not receiving insulin there are quite marked 
differences of opinion as to what shall be termed hypoglycseim a , 
some investigators have labelled “ h ypoglycre mic ” a level of blood- 
su gar which others w ould_regard as w ithin normal limits The 
writer’s practice (using Hagedorn and Jensen’s or the micro Folin 
and Wu s method) is not to report hypoglyeamua until the capillary 
blood sugar is below 60 m gm per 100 c c Here again further 
investigation of “ the -1 normal ” is required The matter is of 
practical importance because requests for blood sugar estimations 
have become more frequent in the hope of o btaining laborato ry 
evi dence th at att acks of giddines s, or f aintness , or an e mpty feelin g 
are due to hypo glycemia (c/ “ Dysmsul inism,” p 131) There 
is a real - danger to the patient of a facile but false diagnosis If 
the attacks are undoubtedly st opped in a few minutes by eating 
carbohydrate, that is good evidence that the sy mptoms were 
“ hypoglycem ic,” but otherwise, unless t he blo od sugar is below 
60 mgm , every care s hould be ta ken to exclude other possible 
c auses o f the sy mptom s The b est tim e for t aking the blood is 
du ring an attack , sometimes sy mptoms ma y be provoked in abo ut 
o ne a ntTl TTialf to t wo ho urs by gi ving 50_gm_ of glucose and 
encouraging the subject to take ex ercis e, but in the writer’s 
experience the u sual glucose tolerance te st at rest is of no help in 
diagnosis 

In the insu lin tre atment of diabet es also, symptoms commonly 
begin when the capillary b!ood_sugar has f allen _below GtLmgm 
per 100 c c , but the hypoglycEemic level varies much more in 
diabetes than m health Thus symptoms have been observed when 
the blood sugar was 90 or 100, or even up to 160 mgm Possibly 
the rate of fall is of m ore importance than the actual level Lawrence 
states that he has often noted symptoms at a higher level of blood 
sugar at the beginning of insulin treatment Reference has already 
been mado (p 162) to the fact that the h^poglycasmic level is often 
lower in children than in adults 
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SUSPENSION INSULINS, PROTAMINE INSULIN 
ZINC PROTAMINE INSULIN 

Several attempts have been made to retard the absorption of 
insulin and so prolong its action The most successful of these up 
to 1936 was protamine insulin, introduced by Hagedom and his 
colleagues , the ordinary soluble insulin hydrochloride was precipi 
tated by the protamine (salmiridm) from the sperm of the rainbow 
trout, and the precipitate was made mto a suspension at pH 7 3 
for injection Scott has shown that a more stable compound with 
a still more prolonged action is produced by the addition of me, 
and zinc protamine insulin is issued m suspension in one bottle 
The quantity of zinc is so minute, 1 mgm m 500 units of insulin, 
that it is not toxic 

After soluble insulin hydrochloride the blood sugar starts to 
fall in fifteen to thirty minutes (in the absence of food), and the 
insulin effect wears off in eight to ten hours After protamine 
insulin the blood sugar falls more slowly , but the insulin effect 
lasts longer, some tu elve to 4 fifteen hours , it is therefore a common 
practice to give soluble msulm in the morning to prevent 
hyperglycemia after meals, and protamine insulin in the evening 
to prevent hyperglycemia during the night, and especially m the 
early hours of the morning Zmc protamine msulm scarcely affects 
the blood sugar for three to six hours, but its action contmues for 
twenty four hours, and still longer when the dose is big , its action 
is therefore to some extent cumulative, and three to six davs must 
elapse before the full effect of a fixed daily dose can be judged 
Mild and moderately severe cases of diabetes can be controlled by 
a single morning injection of zmc protamine msulm, but severe 
cases require also a morning injection of soluble insulin, which can 
be given in the same syringe (Lawrence and Archer) Each patient 
must be treated as an individual problem, and it must be remembered 
that suspension insulin, presumably owmg to variations in rate of 
absorption, is less regular in action from day to day than is soluble 
insulin 

Lawrence and Archer suggest 30 units of zmc protamine insulin 
as a starting dose and adjust it up or down according to urinary 
and blood tests for sugar They find it essential to give more 
carbohydrate late in the day than with ordinary insulin and prescribe 
it for afternoon tea, dinn er and at bedtime Hypoglycemia is more 
subtle m onset than with ordinary insulin owmg to the less rapid 
fall of blood sugar, but the symptoms are apt to be sudden and 
severe when they do develop , mdeed the risk of severe 
hypoglycemia at night is the chief difficulty of treatment with 
zmc protamine ins ulin A striking feature of the action of the 
suspension insulin in severe cases under good control is the complete 
absence of Letonuna throughout the twenty four hours 

The above are points to be expected m the use of an insulin 
which is more slowly absorbed For fuller details the reader is 
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referred to the articles of Lawrence and Archer, and to the papers 
to which they give references 
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CHAPTER IX 

• KETOSIS, ACIDOSIS AND ALKALOSIS 

Books and Reviews. Peters and Van Slyko’s Quantitative Clinical 
Chemistry, Vol I , chapter on Carbonic Acid and Acid Base Balance 

Dc Wesselow’s Chemistry of the Blood in Clinical Medicine, Chapter H 
An excellent chapter upon which the writer has largely based his own 
account 

The Acid Base Equilibrium of the Blood Medical Research Council 
Special Report Senes, No 72 

Clark’s The Determination of Hydrogen Ions 

Austin and Cullen’s Hydrogen Ion Concentration of the Blood in Health 
and Disease (Medicine Monograph) 

Haldane and Priestley's Respiration 

Van Slyke’s Factors Affecting the Distribution of Electrolytes, Wafer, 
and Oases in the Animal Body (Monograph on Experimental Biology) 

Barcroft s The Respiratory Function of the Blood 

Me&kins and Davies’ Respiratory Function in Disease 

Henderson, L J J Biol Chem , 1921, 46, 411, and Blood A Study 
tn General Physiology 

Van Slyke, D D , Physiol Rev, 1921, 1, 141, and J Biol Chem , 
1921, 48, 163 

Wilson, D W , Physiol Rev , 1923, 3, 295 

In Chapter II it was recommended that all unnes containing 
reducing substances Bhould automatically be tested for acetone 
bodies It is natural therefore to study ketosis immediately after 
the problems arising from the discovery of “ sugar ” m the urrne 
It should be added at once that hetonuna is often present in the 
absence of glycosuria Ketosis leads to a consideration of the wider 
subjects of acidosis and alkalosis 

KETOSIS 

The term “ acidosis ” was originally applied to those conditions 
m which aceto acetic and fi hydroxybutync acids or their salts 
were excreted m the urine Subsequently it has been shown 
repeatedly that the excretion of these bodies is not necessarily 
accompanied by a truly acid reaction of the urine In fact, in 
certain cases the reaction of the unne may be alkaline at a tune 
when ketonuna exists It was, therefore, obvious that the original 
definition of “ acidosis ” was misleading Moreover, the name 
“ acidosis ” was later extended to include an increase of acids 
other than aceto acetic and jS hydroxybutync, or a lowered 
bicarbonate content of the blood Considerable confusion has 
resulted irom these different definitions of “ acidosis ” The modern 
attitude with regard to the presence of acetone bodies m blood or 
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urine may be summarised as follows Wheri abnormal quantities 
of aceto acetic acid, or of p hydroxybutync acid, or of their salts, 
or of acetone (a decomposition product of aceto acetic acid), are 
present in the body fluids or urine, the term “ ketosis ” is applied 
“ Ketonsemia ” signifies an excess of these bodies in the blood, 
“ ketonuna ” an excess of the same m the urine By this means 
any suggestion as to reaction is avoided Ketonsemia may be 
accompanied by either a normal blood reaction, or by a shift either 
to the acid or to the alkaline side of normal Similarly ketonuna 
may be comcident with a neutral, acid, or alkaline urine In other 
words, if tests for acetone bodies are positive, it is convement to 
use the single word “ ketosis,” instead of saying that these abnormal 
bodies have been found It zs, after all, only a matter of words, or, 
rather, of avoiding terms that suggest conditions which may not 
exist in fact 

This question of definition of terms will be considered further in 
the next section 

The acetone bodies are three in number — 


CH 3 

CHOH 

I 

ch 2 

iocrn 

P hjdroxjbutjric acid 
or 

P ox> butyric acid 


CH, 

I 

ch 3 

CH 

co zzz: 

COH 

CO 

Ah, 

II 

CH 

C3H a 


IOOH COOH 


Aceto acetic acid 

or Acetone 

diacetic acid 


Acetone may be excreted both in the breath and in tlio urine 
It is probably derived from aceto acetic acid b} loss of C0 2 Aceto 
acetic acid and p hydroxybutync acid or their salts are excreted in 
the urme 

It will be noted that two formulas are given for aceto acetic acid 
The ■serfind of these represents the acid as an un saturate cl body 
containing a double bond, and the " cnohc " grouping 


I 

COH 

II 

CH 


The correct name for the compound having this second formula is 
p hydroxycrotomc acid It is believed that these two isomers, 
true aceto acetic acid and p hydroxycrotomc acid, are readily 
interconvertible, and that in the body they or their salts exist in a 
state of dynamic equilibrium The point 13 of practical importance 
because it has been suggested (Hurtley) that the danger of ketosis 
lies in the poisonous action of this second unsaturated compound 
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or its salts On this hypothesis ketosis should be treated on the 
basis of the poisonous action of this isomer 

The acidic properties of aceto acetic and p hydroxy butyric acids 
need cause no alarm until the alkali reserve of the body has been 
seriously depleted In short, ketosis should be preiented as far as 
possible by supplying a sufficiency of carbohydrates, and, if 
necessary, insulin Alkalies, e g , sodium bicarbonate, are useful in 
the later stages in preventing a depletion of the alkali reserve, but 
they have little or no influence on the poisonous action of the isomer 
of aceto acetic acid In fact, it is important further, to remember 
that expensive administration of alkali may actually be dangerous, 
in that the dangers of alkalfemia may be superimposed on the 
dangers of ketonsemia ft hydroxybutyric acid does not contain an 
enolic grouping and is not poisonous In fact, it has been suggested 
(Hartley, 1916) that one of the actions of the liver m ketosis is the 
conversion of the poisonous isomer of aceto acetic acid mto the less 
harmful ft hydroxybutyric acid 

Qualitative Tests for Acetone and Aceto-acetates m the Urine 

In clinical work Rothcra’s and Gerhardt’s are the tv o tests most 
commonly employed 

Rothera’s Test for Acetone and Aceto-acet.c Acid Both acetone 
and aceto acetic acid give with sodium mtroprusside m ammomaeal 
solution a purple or “ permanganate ” colouration Saturation 
with ammonium sulphate removes a number of interfering 
substances thereby making the test more delicate A brief outline 
of a convement technique lias been given in Chapter II 

The reaction is very delicate for both ketones It will detect 
1 part of acetone in 20,000 and 1 part of aceto acetic acid m 400 000 
parts of water (Hurtley, 1913) Applied to urine, it is less sensitive 
than for simple aqueous solutions but the limit of sensitivity may 
vary with the technique and particularly with the proportion of 
sodium mtropru c side u«cd when looking for minimal amounts of 
acetone bodies Using undiluted urine (or ketone containmg urine 
diluted with normal urine), the method can detect 1 part of acetone 
m 10 000 parts, and 1 part of aceto acetic acid in 125 000 parts 
Using urine diluted with water, naturally the limit of sensitivity 
approaches that for aqueous solutions The test is clearly much 
more sensitive for aceto acetic acid Smce however, acetone is 
derived from aceto acetic acid, the two substances have (he same 
significance clinically, and it is valuable to have a test which responds 
to both On the other hand, Rothera’s test is almost too sensitive 
foi clinical work and positive reactions have not infrequently 
caused unnecessary alarm The rate of development of the colour 
gives a rough indication of the degree of ketonuria, and with practice 
it is easy to gauge when really excessive quantities of acetone and 
aceto acetic acid are present Another simple expedient consists 
m diluting the urine till a positive reaction is no longer obtained 
The degree of dilution required gives a rough measure of the quantity 
of acetone bodies 
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Kotheras reaction is signally free from difficulties The writer and also Dr 
R D Lawrence (personal communication), has however, occasionally noticed a 
\ery similar colour reaction of unknown cause When the urine has been treated 
with ammonium sulphate and sodium mtroprusside the addition of even a few 
drops of concentrated ammonia solution produces a purplish red or bluish purple 
Colour, which de\ elops more quickly and fades more quickly than the corresponding 
intensity of colour due to ketomma The reaction can be differentiated by first 
thoroughly boiling the urine which does not destroy it moreo\ er Legal s test for 
acetone and aceto acetic acid is negative (about 5 c c of urine treated with several 
drops of a concentrated solution of sodium mtroprusside and then made alkaline 
with hiaOH turns ruby red to become a deeper red on acidification with acetic 
acid if the ketones are present but yellow if the unknown substance only is present 
just os in the case of normal urine) The colour reaction becomes less after keeping 
tho urme for two dajs and is not duo to a drug , it has been observed in the urines 
of both diabetic and non-diabetic individuals 

Gerhardt's Test for Aceto-acetic Acid (see also Chapter II) 
Feme chlonde yields a Bordeaux red colour with aceto acetic acid 
On adding a 10 per cent solution of the feme chlonde to a 1 in 
column of urine in a test tube drop by drop, a white precipitate of 
ferric phosphate is first seen Addition of the iron solution should 
be contmued till the maximum precipitate of phosphates has been 
obtained The mixture is then filtered and a further drop or two 
of feme chlonde is added to the filtrate till the maximum red colour 
is obtained, but excess of feme chloride should be avoided lest the 
red colour he masked It is safest to disregard orange and orange 
brown tints, smee substances other than aceto acetic acid may be 
responsible for these 

The drugs which interfere with this test are salicylates, and 
the bodies excreted after the administration of aspirin (acetyl- 
salicylic acid), thallm, antipyrine (phenazone), etc The tint 
obtained with salicylic acid is more a purple than a Bordeaux red, 
but the colour obtained after the administration of phenazone is 
very similar to that obtained with aceto acetic acid A positive 
test due to these drugs is easily differentiated from one due to 
aceto acetic acid, by observing the effect of boiling On boding, 
aceto acetic acid is decomposed into acetone and C0 2 , whereas the 
excretion products of the drugs are unaffected It is important 
to note, however, that simply heating a quantity of urine to the 
boiling point in a test tube of the usual bore (about f m ) does not 
suffice to complete this decomposition It is necessary to boil the 
urine vigorously for several minutes in a large boiling tube or m an 
open vessel After such treatment the reaction will remain positive 
if due to the drugs, but it will become negative if aceto acetic acid 
had originally been responsible for the red colour A positive ferric 
chlonde reaction must be due to drugs if the urme gives a negatn e 
response to Rothera’s test 

Gerhardt's feme chlondo reaction is given by aceto acetic acid, 
but not by acetone It is not nearly so sensitive a test for aceto- 
acetic acid as is Rothera's reagent It will detect about 1 part in 
2,000 parts of unne The great objection to this test in clinical 
work is tlmt«colour reactions are obtained with tho excretion products 
of a number of drugs which are commonly employed in medicine 
(see abo\e) It is wise always to check a positive finding with 
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Rotliera’s test by performing Gerhardt’s test If the latter is 
negative there is, as a rule, no need for alarm If the ferric chloride 
test also is positive, a careful watch should be kept for clinical signs 
of acidosis, or, better, a determination of the alkali reserve should 
be made A persistently positivo ferric chlonde test should be taken 
as a possible warning of impending acidosis, but such a finding of 
itself is often not of serious significance 

There is no simple test for /? hydroxybutyric acid convenient for 
clinical use If the dangers of ketosis bo ascribed to aceto acetic 
acid as related above, the absence of such a test is of little moment 
in clinical n ork 


The Detection of Acetone and Aceto-acetic Acid in Blood 
Rothera’s test can be applied directly to about 5 c c of non- 
haamolysed serum or plasma, and will detect a gross excess of the 
ketones, but it is not a good technique It is better to precipitate 
the proteins first by tungstic acid and to test the protein free 
filtrate If the usual tungstic precipitation is made in whole blood, 
glutathione is liberated from the red cells, and therefore the filtrates 
invariably give a positive mtroprusside reaction If, however, the 
proteins are precipitated without haemolysis, as in Herbert and 
Bourne's method, using sodium sulphate and tungstic acid (p 147), 
the filtrate does not contain significant amounts of glutathione, and 
Rothera's test may bo applied to detect the ketones The follow mg 
technique is simple and requires only 0 2 c c of blood, which may 
be collected directly into a blood pipette from a puncture of the 
Bkm 


In a centrifuge tube place 


3 6 c c of 3 per cent crystalline sodium 
sulphate 
0 2 c c of blood 

0 1 c c of 10 per cent sodium tungstate 
0 1 c c of § N sulphuric acid 


Mix rapidly, centrifuge at once and separate the supernatant fluid 
To 2 c c of the supernatant fluid add 1 gm of finely powdered 
ammonium sulphate, 0 1 c c of 5 per cent sodium mtroprusside 
prepared the same day, and 0 4 e c of concentrated ammonia 
(S G 0 88) Mix thoroughly and observe for fifteen minutes 
Normal blood filtrates remain colourless, whilst those containing 
only a slight excess of the ketones slowly turn a pale purplish pink , 
the colour is very close to that of a similar thickness of 0 2161 per 
cent anhydrous cobaltous sulphate solution (0 1 Van den Bergh 
unit, cf Chapter XII) , in more marked ketonsemia a definite 
purple colour develops in a minute or less 

To deproteiruse plasma or serum mix Ice with 8 c c of ijater, 
0 5 c c of the sodium tungstate and 0 5 c c of the f N *acid, giving 
a dilution of 1 in 10 , or 3 c c of water may be used instead of 8 c c 
to give a dilution of 1 in 6 
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Incidentally the stated proportions of supernatant fluid ammonium sulphate 
sodium mtroprussido and ammonia serve excellently to demonstrate tho presence 
of glutathione in blood Deprotoimse by centrifuging a mixture of 1 c c of blood 
7 c c of i outer 1 c c of the tungstate and 1 c c of the 2/3 N acid Naturally the 
test is moat conclusive if also the blood is shown to be free from any excess of ketones 
os above described. 

The Quantitative Estimation of the Acetone Bodies 
The determination of the quantity of acetone bodies excreted 
daily in the urine, or of the concentration of these bodies m the 
blood, is often of the greatest interest in special investigations, but it 
can hardly be described, as yet, as a cluneal procedure The reader 
is, therefore, referred to larger works for the analytical procedures 
Normally the blood contains from 0 to 3 mgm of total acetone 
bodies per 100 c c Acetone and aceto acetic acid account for 0 to 
1 mgm and /? hydroxybutyric acid for 0 to 3 mgm (as acetone) 
Normally 20 to 50 mgm of total acetone bodies (calculated as 
acetone) are excreted m the unne per diem Of this 3 to 15 mgm 
are in the form of acetone and aceto acetic acid, and 20 to 30 mgm 
as fi hy droxy butyric acid In pathological states the ketonuria 
is not usually of much significance until more than 2 gm of total 
acetone bodies are excreted in the twenty four hours 

The Clinical Significance of Ketosis 
Ketosis is due to the abnormal hatabobsm of fats which occurs 
when the supplv or the metabolism of carbohydrates is inadequate 
Ketonuria is thus a sign of abnormal fat metabolism, and is not a 
disease m itself To a small extent tbe abnormal katabolism of 
certain ammo acids derived from protein may also contribute to 
ketosis In fact, ketosis results from a disturbance of the balance 
between the “ ketogeiuc ” and the “ antiketogenic ” substances 
The acetone bodies are derived both exogenously, from the diet, 
and endogenously from the body It has been calculated (Woodyatt) 
that each gramme of carbohydrate when metabolised yields 1 gm 
of sugar ( 4 antiketogenic ”), but no fatty acids ( 4 ketogeiuc ”) 
Similarly each gramme of protein yields 0 58 gm of 44 sugar ” and 
0 4C> gm of Satty and s or ketegemc amino acids eypressed m ten. as> 
of higher fatty acids, and each gramme of fat 0 1 gm of “ sugar ’ 

(glycerol ► glucose) and 0 9 gra of fatty acids When the ratio 

of ketogemc to antiketogenic substances exceeds a certain figure 
ketonuria results Woodyatt, assuming a ratio of 1 5 to I, calculated 
that ketonuria would not occur so long as the total fat metabolised 
did not exceed twice the amount of carbohydrate plus half tho 
amount of protein , or, expressing the statement in a formula, 
3? = 2C -}- £P, or, more accurately, F = 2C 4- 0 54P 

In diabetes there is a large excess of sugar m circulation, but 
that sugar is not properly or completely metabolised owing to a 
deficiency of endogenous insulin , ketosis, therefore, results 
Diabetes is the condition par excellence m which ketosis occurs, 
but in clinical work ketosis is met with much more commonly in 
non diabetic than in diabetic conditions In healthy adults 
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starvation will generally produce ketosis in twenty four hours 
The actual period of starvation required before acetone bodies 
appear in the urine vanes m different healthy individuals and 
depends, among other things, on the previous diet Goldblatt 
notes that twenty hours sufficed if the previous diet had been low 
in carbohydrate, whereas thirty six hours might be required after 
an average mixed diet In children the period is certainly much 
shorter , ketosis is often observed after twelve hours’ starvation 
In disease, also, the necessary penods is often less than twenty four 
hours m adults, and in sick children deprivation of food may cause 
ketosis in six hours In cluneal work by far the commonest cause 
of ketosis is abstention from food, or reduction of the proportion 
of total available carbohydrate Thus the preparation for an 
operation, of itself, often induces slight ketonuna before the 
anaesthetic is given After operation the action of the anaesthetic 
and the added hours of fasting tend to increase the ketosis In all 
conditions in which vomiting occurs, and these are legion, ketosis 
may result owing to the poor assimilation of food Similarly m all 
states in which the patient is unconscious, semi conscious, or merely 
devoid of appetite, the balance between ketogemc and antiketogenic 
substances may easily be shifted sufficiently to give rise to ketosis 
From this aspect alone it is easy to understand why ketosis is so 
common in clinical work , m most instances it is probably not 
necessary to postulate any causes other than disturbance of the 
physiological balance between ketogemc and antiketogenic sub 
stances Anyhow, in pathological work such a cause should be the 
first to be considered and mvestigated, though there is evidence that 
in diseased states other factors are at work (cf section on alkalosis) 

ACIDOSIS AND ALKALOSIS 

Definition of Terms 

less alkaline than normal, below pH 7 3 

(1) Blood reaction^ Acidaemia, or “ uncompensated acidosis ’ 

'more alkaline than normal, above pH 7 5 
Alkalaemia, or “ uncompensated 
alkalosis ” 

(2) Blood reaction normal, between pH 7 3 and 7 5, bvt 
alterations m the distribution of acid radicles relative to basic 
radicles of such a nature as to cause a tendency towards an acid 
reaction — acidosis, or “ compensated acidosis ” Similarly when the 
redistribution of acid relative to basic radicles indicates a tendency 
towards an alkaline reaction — alkalosis, or “ compensated alkalosis 

The definition of acidosis as a decrease in the alkali reserve 
(plasma bicarbonate) should be abandoned, since a lowered alkali 
reserve may be present m alkalosis as above defined Sufularly 
the definition of alkalosis as an increased alkali reserve may bo 
misleading This pomt is referred to again later 

(3) Acetone bodies present — ketosis This has ahead} been 

discussed 
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(4) C0» content, C0 2 capacity, C0 2 tension and alkali reserve 
of blood 

B\ C0 2 content is meant the total C0 2 that which is free, m 
physical solution, plus that which is combined, m chemical 
combmation as bicarbonate, in the blood at the moment it is drawn, 
and before there can be any escape of C0 2 into the air To retard 
this escape of C0 2 the blood is collected under paraffin, or by 
displacement over mercury If it is desired to estimate the C0 2 
content of plasma, “ true plasma ” must be employed, i e , plasma 
separated as soon as possible from the corpuscles by centrifuging 
under paraffin whole blood which has been collected under paraffin, 
so that from start to finish the plasma is prevented from losing gases 
For details the reader is referred to Peters and Van Slyhes 
Quant itatue Clinical Chemistry, vol n , 1932 p 54 The usual 
corrections are made for barometric pressure, temperature, and 
aqueous vapour pressure 

By C0 2 capacity is meant the total C0 2 (free and combined) 
measured dry and at N T P which the blood will hold at a definite 
tension of C0 2 usually 40 ram of Hg , or the tension of CO, in 
normal alveolar air If the determination is to be made on plasma, 
‘ true plasma ” must first be separated by collecting and centrifuging 
whole blood under paraffin After separation, the plasma may 
safely be left exposed to air, and later as required saturated with 
C0 2 at a definite tension of C0 2 The term C0 2 combining power, 
strictly speaking, should be appbed to that portion of the C0 2 
capacity which is in chemical combination (c/ Chapter XIX) 

If whole blood when originally collected is exposed to air, C0 2 
will escape from the plasma into the air As a result the plasma 
will become more alkaline HCI and H 2 C0 3 will then pass from 
the corpuscles into the plasma, and there will be a further loss of 
C0 2 into the air and a “ chloride sluft ” {^ee later section) If the 
original C0 2 tension of the whole blood as collected is known, it 
should theoretically be possible to reverse this process exactly by 
saturating the whole blood again with C0 2 at the original C0 2 
tension, and from this “ true plasma ” could then be separated 
But m -practice the original CQ S tension, of the blood is not known, 
and it is not safe, at any rate in pathological subjects, to assume 
that the blood C0 2 tension is the same as the alveolar C0 2 tension 
(which can easily be measured) In other words, the only safe 
procedure is always to separate “ true plasma ” immediately after 
collecting the blood under paraffin 

T5l C0 2 tension or C0 8 pressure is meant the pressure exerted 
by the C0 2 in a mixture of gases, expressed in mm of Hg Thus, 
suppose by analysis of such a gas mixture it is found that 5 per cent 
is CO 2 the barometric pressure being 758 mm and the aqueous 
vapour pressure at the particular temperature being 13 mm Then 

the C0 2 ten&ion of that gas mixture is x (758 — 13) mm Hg =» 

37 25 mm Hg 

The C0 2 tension of blood cannot be measured directly becamo 



180 


CHAPTER IX 


C0 2 (and oxygen) 13 present not only in physical solution, but also 
in chemical combination It is determined indirectly by determining 
the volumes of C0 2 that are taken up by samples of the blood at 
different known pressures of C0 2 These results are plotted and 
constitute a C0 2 dissociation curve or C0 2 absorption curve (cf 
Christiansen, Douglas and Haldane) The pressure on this curve 
that corresponds to the volume of C0 2 m the blood as actually 
determined gives the pressure of the gas in the blood This 
particular point on the Curve is often termed “ the arterial point ” 
By alkali reserve or plasma bicarbonate is meant the volume of 
C0 2 measured dry and at N T P which is expelled by acid from 
100 volumes of “ true ” plasma which has been equilibrated with 
normal alveolar air (40 mm C0 2 ) at a given temperature (usually 
room temperature), the volume of gas in physical solution being 
deducted (cf Medical Research Council Special Report, Ho 72) * 


The Symbols Cjj and pH 

The concentration of hydrogen in ionised form, C n may be 
expressed as so many grammes per litre of solution Thus, m pure 
distilled water C H = 1 X 10 -7 gm per litre In other words pure 
distilled water contains 1 gm of ionised hydrogen in 10 million 
litres or 1 mgra in 10,000 litres, or 0 0001 mgm per litre, or 
0 00001 mgm per 100 c c , or 0 01 y per 100 c c 1 

Pure distilled water is, of course, absolutely neutral It is very 
slightly dissociated, the number of hydrogen 10 ns being equal to the 
number of hydroxyl 10 ns and the product Ca x C on bemg constant, 
viz Ch X C 0 n = lX 10- 14 

Ch = C 0H = 1 X 10- 7 (at 21° C ) 

(Tiie constant increases rather rapidly with a rise m temperature ) 
In all aqueous solutions the product Ch X C 0 h equals the same 
constant at the Bame temperature, so that in every aqueous solution 
there must be both hydrogen and hydroxyl 10 ns The quantity of 
ionised hydrogen m a solution is measured by the electrical con 
ductivity The electrical conductivity of distilled water is minute, 
but it has been measured directly It has also been calculated by 
measuring the conductivity of a senes of solutions of an acid of 
increasing dilution, plotting the results and continuing tho curve 
through the point at which the number of hydrogen ions and 
hydroxyl 10 ns are equal From these observations and calculations 
it has been found that at 21° C in a strictly neutral solution the 
concentration of ionised hydrogen is 1 X 10~ 7 gm per litre or 
lgm ion X 10' 7 per litre and likewise the concentration of hydroxyl 
10 ns is 17 X 10“ 7 gm per litre or 1 gm ion x 10 -7 per hire (H = If 
OH = 17) In a neutral solution there are an equal number of 
hydrogen 10 ns and of hydroxyl 10 ns and the concentration of 
hydrogen 10 ns (at 21° C ) is 1 x 10~ 7 gm per litre In an acid 

1 y = j-j^j mgm , or I ragtn => 1 000 y 
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solution there are more hydrogen ions than hydroxyl ions, and the 
concentration of hydrogen ions (at 21° C ) is greater than 1 X I0 -r 
gm per litre (eg , 1 X 10~ 6 ) In an alkaline solution there are less 
hydrogen ions than hydroxyl ions, and (at 21° C ) the concentration 
of hydrogen ions is less than 1 X 10 -7 gm per litre, eg , lx 10- 8 
In other words, the reaction of a solution depends on the relative 
number of hydrogen and hydroxyl ions Even in an alkaline 
solution there are some hydrogen ions, though very few The 
reaction, therefore, of any solution, whether it be acid, neutral, or 
alkaline, may he measured in terms of its hydrogen ion concentration 
Figures suih as 1 X 10“ 7 are cumbersome, and Sorensen 
introduced the practice of expressing the results in terms of 
logarithms He introduced the symbol pH. to denote the 
" hydrogen ion exponent ” , pH is the common logarithm of the 
reciprocal of (H), or pH — — log Cn 
Thus Ch *= 1 X 10- 7 becomes pH =70 = neutral 

and Cn = 1 X 10 -8 „ pH = 60 = acid 

Qn = 1 X 10~ 8 ,, pH = 80 = alkaline 

This is simple, but the difficulty arises when the power to which 
10 is raised is not a whole number The fallowing example should 
make the calculation clear At 18° C an N/10 solution of HC1 is 
ionised to the extent of 84 per cent If it was completely ionised 
1,000 c c of the solution would contain 0 1 gm of ionised hydrogen 
In fact, itf contains only 0 084 gm per litre 
Ch therefore = 0 084 
log Ch = 2 924 = — 1 076 
— log Ch = ~ ( — 1 076) 
t e pH = 1 076 

The pH of an N/10 solution of HC1 is 1 076 at 18° C 
Whilst there is little doubt that Sorensen's notation is of value 
in scientific work, it must be admitted that it has introduced a 
great deal of “ mystery ” in many circles The average medical 
man is reaffy pazzi'ee? by pH Most of as are not accustomed' to 
think in terms of logarithms Though cumbersome, the results 
perhaps w ould be better understood if expressed m mgm of ionised 
hydrogen per 100 c c of solution Thus the pH of normal blood 
Ties beta een 7 30 and 7 50, or its *Ch lies between 0 000005 and 
0 0000032 mgm , or 0 005 and 0 0032 y, 1 per 100 c c of blood 
Admittedly the rows of 0 s are clumsy, but it has been shown that 
a strictly neutral solution contains (at 21° C ) 0 00001 mgm , or 
0 01 y, of ionised hydrogen per 100 c c , and that an alkaline solution 
contains less than that It is clear, therefore, from the above 
figures that normal blood is alkaline 

A table showing the relation of pH to Cn is given in the 
Appendix 

* For explanation of y, see footnote on previous page 
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Buffers 

Hydrochloric acid is a “ strong ” acid, and if a trace of it is 
added to distilled water it is completely ionised There is, as a 
result, a marked increase in the concentration of hydrogen ions in 
the solution Carbonic acid is a “ weak ” acid, and its solution in 
water is only slightly ionised, and there is only a small increase m 
the concentration of hydrogen ions If hj drochlonc acid is added 
to a solution of sodium bicarbonate (the bicarbonate being in excess), 
sodium chloride is formed and carbonic acid is liberated, but there 
is only a Blight increase of the concentration of hydrogen ions, 
because carbonic acid is only slightly ionised Sodium bicarbonate 
and other salts of weak acids are, therefore, termed “ buffers ” 
Other examples of buffers found in the body fluids are phosphates, 
plasma proteins and haemoglobin 


Indicators 

Most indicators are substances which change colour with 
variations of the hydrogen ion concentration of a solution These 
indicators themselves may be regarded as either weak acids or weak 
bases who«e undissociated molecules have a different colour from 
that of the ions into which they dissociate Each indicator changes 
colour over some particular pH range and an indicator is frequently 
selected for a given purpose because its colour change occurs over 
the particular range required (see Table of Indicators in Appendix) 
Thus in the range of pH exhibited by blood, phenol red is frequently 
chosen Indicators vary in their sensitivity Thus litmus is 
relatively insensitive, and is suitable when titrating strong acids 
with strong bases, but of little or no value when titrating weak acids 
or bases Phenolphthalem is a sensitive indicator and is frequently 
selected when titrating orgamc acids, e g , when determining the 
normality of a NaOH solution by titration against a weighed 
amount of acid potassium phthalate (see Appendix) 

Other indicators are substances which change colour at the 
completion of a chemical reaction, * e , when either the merest trace 
in excess of a substance A is added to a substance B, or just when 
the last trace of a substance C has reacted with a substance D 
Thus starch is used as an indicator when titrating iodine with 
sodium thiosulphate Iodine gives that sodium thiosulphate a 
colourless compound, but the end point, being a change in colour 
from the faintest yellow to colourless, would be very indefinite 
Iodine combines with starch to give an intense blue Starch JS, 
therefore added to the iodine solution when titrating with sodium 
thiosulphate so that just when the last trace of iodine lias reacted 
with the added tluo there is a sudden change from blue to 
colburless . 

Indicators actually placed in the solution are termed “ internal 
indicators ’ {eg, phenol red, phenolphthalem) Sometimes it w 
undesirable to put the indicator in the solution , it may often he 
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absorbed on to a piece of paper, to which a drop of the solution is 
added, or the paper may be dipped into, and rapidly withdrawn 
from, the solution ( e.g , litmus paper). At other times a drop of 
the indicator must be mixed with a drop of the solution, and the 
mixture then specially treated to bring about the colour change, 
e.g , Gunzburg’s reagent. In both these examples the indicator is 
termed an “ external indicator.” Some substances (e g., litmus) 
may be used either as an internal or as an external indicator. 


GENERAL DISCUSSION OF THE MECHANISMS CONTROLLING 
THE REACTION OF THE BLOOD AND BODY-FLUIDS 

The reaction, the actual concentration of hydrogen ions, of the 
blood and body-fluids depends on a number of factors. The 
following diagram may assist in visualising the influence exerted 
by the different parts of the body in maintaining this reaction 
between the very narrow limits of pH 7-3 and 7-5 • — • 


Respiratory centre 
(Beware of alteration n 
sensitivity of centre ) 



Blood 
(Plasma + 

corpuscles) 
and its buffer 
action 


Kidney 


.Action of tissues 
of blood 


Plasma bicarbonate 
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The buffer action of the blood constitutes the first fine of defence 
when abnormal acids, or abnormal amounts of acids or alkalies, are 
introduced into or formed in the body In certain cases, of course, 
the lymph or body fluid immediately m contact with the acid or 
alkali will actually bo the first warrior on the battlefield, but 
equilibrium between such body fluids and the blood circulating m 
the neighbourhood will rapidly ensue The lungs under the control 
of the respiratory centre will then be called into play, making a 
coarse adjustment of the reaction of the blood The kidneys finally 
will make a fine adjustment, and either by the complete excretion 
of all foreign matter will re establish the original normal state, or 
by their continued action will bring about a new (dynamic) 
equilibrium The action of the kidneys is relatively slow, and the 
adjustment by them a fine one The action of the lungs and 
respiratory centre is rapid and relatively coarse Actually these 
mechanisms come into play very nearly simultaneously, but it is 
convenient and roughly correct to think of them in the above order 
A more detailed discussion of the different mechanisms follows 
The Bases available for neutralisation of acids are ammonia, 
sodium, potassium, calcium and magnesium Ammonia is present 
m minute quantities in the blood, but considerable amounts may 
be excreted m the urine in conditions of acidosis This ammonia 
is formed from urea, and its seat of formation is possibly the kidney 
(Nash and Benedict) This mechanism is important m that it 
allows considerable quantities of acid to be excreted as ammonium 
salts, thereby conserving the other valuable bases It follows 
that estimations of the daily output of ammonia would appear to 
be an important measure of the quantity of acids bemg excreted, 
and, therefore, of the risk of acidosis In practice, however, the 
method is of limited value because (a) m renal disease the ability of 
the kidneys to excrete ammonia (or to convert urea mto ammonia) 
is impaired, and (6) the quantity of ammonia excreted is not 
necessarily proportional to the risks of acidosis, because it is only 
one of the available mechanisms, and may be called mto play in 
varymg degree in different patients having a similar grade of acidosis 
On the technical side it is essential to insure that ammonia is not 
formed by bacterial decomposition after the urine has been passed 
(see Chapter XVT) 

Determination of the ammonia coefficient — the percentage of 
the total nitrogen which is ammonia nitrogen — is even less 
satisfactory owing to the very large variations that may occur m 
the excretion of the total nitrogen The latter is influenced* above 
all, by the nitrogen intake, the amount of protein in the diet 

Estimations of the daily excretion of ammonia plus acid are of 
much more value, and are recommended by Pitz and Van Slyko as 
a measure of acidosis (see the table on p 203) 

The fixed bases, sodium, potassium, calcium and magnesium, 
are combined with the acid radicles in the blood and tissue fluids, 
but are available only to a limited extent for excretion, because the 
body fluids must be maintained at a fairly constant composition 
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if life is to continue Little information of value with regard to 
measuring acidosis can be obtained from an isolated estimation of 
any one of the fixed bases in blood or urine, but a determination 
of the total bases in blood and their distribution among the acid 
radicles 13 of real value, but too complicated as a routine clinical 
procedure Analyses are of necessity practically limited to the 
blood and excretions, but all the body fluids and. tissues play a 
greater or less part in the regulation of the acid base balance Thus 
it has been shown that the administration of acids will finally lead 
to mobilisation of calcium salts from the bones Possibly in renal 
infantilism the bony changes aro mainly doe to the prolonged 
acidosis resulting from the chronic and extensive renal lesions 
The Distribution of the Acid and Basic Radicles m the Plasma may 


be represented by the accompanying 
diagram (Fig 42) taken from a 
paper by Gamble, Ross and Tisdall 
The bases B are expressed in terms 
of c c N/10 per 100 c c of plasma, 
or milli equivalents per litre, and 
are the sum of the concentrations 
of Ma, K, Ca and Mg The acid 
radicles, similarly expressed, are the 
sum of HC0 3 ', Cl , HP0 4 SO*", 
organic acids and protein For the 
method of converting the results 
expressed in the more usual form 
of mgm per 100 c c , etc , into 
milh equivalents e per litre, see 
Appendix, p 536 It will be seen 
that most of the base is combined 
with the strong acid, hydrochloric 
acid, and therefore is not 
immediately available for neutra 
lisation of acid absorbed into or 
formed within the body, but some 
of it can be made available by ionic 
interchanges between plasma and 
corpuscles (see later under “ chloride 
shift ”} ThB minute proportion of 
base combined as sulphate is fixed 
and unavailable Part of the base 
present as phosphate can be used 
At the reaction of the plasma about 



Fra 42 The acid boso composition 
of normal plasma (After Gamble 
Roga and Tisdall ) 


80 per cent is present as dibasic phosphate (B 2 HP0 4 ) TI 10 
introduction of acid causes some of this to be converted into 
monobasic phosphate (BH 4 P0 4 ), base thereby being liberated to 
combine with the acid introduced It will bo seen, however, from 
the diagram that the base which could conceivably bo rendered 
available from that combined with phosphates plus organic acids 
is small Tho buffer action of tho plasma proteins is illustrated 
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later in the section on the chloride shift, but it is doubtful whether 
the plasma proteins have a direct buffer action with regard to foreign 
acids absorbed in to or formed within the body It is clear, therefore, 
that the mam “ alkali reserve ” of the plasma is in the form of 
BHC0 3 , and this can be 'measured by a relatively simple technique 
(see end of chapter) The acid absorbed into or formed within the 
body reacts with the plasma bicarbonate (BffC0 3 ), liberating C0 2 , 
which is promptly excreted by the lungs This is a rapid and very 
important mechanism preventing any change in the pH. of the 
blood 

The Ratio of H 2 C0 3 to BHC0 3 , m fact, as has been shown by 
Van Slyke, Henderson, Hasselbalch and others, is the most 
important factor controlling the pH of the blood This ratio is 
1 to 19 with a normal pH of 7 4 If the H 2 C0 3 content falls, the 
bicarbonate remaining constant, the blood will become more alkaline, 
the pH will rise Conversely, if the bicarbonate content falls, the 
H 2 C0 3 remaining constant, the blood will become more acid, the 
pH will fall So long as bicarbonate and H 2 C0 3 both alter 
proportionately and in the same direction, the pH will not alter 
Moreover, an estimate of only one of the three vanables, viz , 
bicarbonate content, H 2 C0 3 content, and pH, does not enable us 
to form a certain opinion as to the real condition of the patient 
For this purpose, two of the three must be determined, and for this 
reason these methods are not commonly employed m clinical work 
At the same time, an estimate of the total C0 2 , or of the “ alkali 
reserve ” (bicarbonate) alone, is under certain conditions of value 
clinically Thus if the “ alkali reserve ” is determined (see end of 
chapter) before and during administration of alkalies, it is easy to 
see whether there is a possible risk of alkalosis Likewise in diabetic 
acidosis the estimation is valuable Thus an “ alkali reserve *’ of 
25 to 40 vols C0 2 per 100 c c of plasma is definitely an indication 
for treatment, though the acidosis may either be compensated, t e , 
the low bicarbonate is accompanied by a corresponding fall in 
H 2 C0 3 or uncompensated, » e , the lowered bicarbonate is not 
accompanied by a corresponding fall in H 2 C0 3 The latter is the 
more serious condition, and is accompanied by a fall of pH, 1 e , 
an increase in the hydrogen ion concentration Though m this 
region, viz , 25 to 40 vols C0 2 the estimation oftfie “ alkali reserve ■' 
alone does not tell us whether the acidosis 13 compensated or not, 
when the result is 20 or under it may safely be assumed that 
the acidosis is not compensated and that the condition is very 
serious 

Following Peters and Van Slyke, the alterations m the H 2 C0 3 
to BHC0 3 ratio which occur clinically may be summarised as 
follows The alterations m the acid base balance can be classified 
under two headings — metabolic, in which the primary change is 
either a deficit or an excess of alkali relative to acids other than 
carbonic and respiratory, m which the primary change is either a 
deficit or an excess of carbonic acid In both groups there is at 
first no change in the pH of the blood, the acidosis or alkalosis is 
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" compensated ” as explained above , later the pH may fall or rise 
respectively, the condition then being “ uncompensated ” 

Metabolic Primary Alkali Deficit, or Metabolic Acidosis. The 
deficit of alkali is due to the fixation of base by aceto acetic or 
(3 hydroxy butync acid as in diabetes mellitus, or by retained 
phosphoric acid as in advanced chronic nepliritis, or by the 
administration of acidic substances These will be considered m 
more detail later in discussing their clinical significance 

BHC0 3 falls H 2 C0 3 falls at first correspondingly, but later 
not so fast , therefore the blood pH at first is normal, but in the 
terminal stages it falls The alveolar CO, falls Clinically there is 
liyperpncca (excretion of CCh by the lungs), diuresis (excretion of 
Na salts and corresponding amounts of w ater by the kidneys) and 
dehydration In the urine there is an accelerated excretion of 
water, of acids and of ammonia, except that in kidney disease the 
ammonia excretion fails 

Metabolic Primary Alkali Excess, or Metabolic Alkalosis. This 
may be due to the retention of alkali as after the administration of 
alkalies (particularly sodium bicarbonate), or to the loss of acid, e g , 
loss of HC1 in severe ortntmg * 

BHC0 3 rises H 2 C0 3 rises at first correspondingly, but later 
not in proportion , therefore the blood pH at first is normal, but 
later rises The alveolar CO, rises Clinically there is excessive 
muscular lrritabiUty, leading eventually to tetany when the blood 
pH Teaches about 7 6 The unne becomes alkaline, bicarbonate is 
excrete'd, but the ammonia decreases and may disappear , there is 
moderate diuresis, and may be hetonuna 

Respiratory Primary C0 2 Excess (Respiratory Acidosis) This 
occurs when air rich in C0 2 is breathed (industrial poisoning), or 
vlien C0 2 cannot be properly excreted owing to diseases of the 
lungs (pneumonia, pulmonary oedema, emphysema etc ), to gross 
obstruction of the air passages, or to deadenmg of the respiratory 
centre as m morphine poisoning 

HoC0 3 rises BHC0 3 rises at first in parallel, but finally less 
quickly, bo that the blood pH at first is normal, but later falls 
The alveolar CO, rises Clinically this group is not of much 
importance, because, apart from CO, industrial poisoning, death 
from anoxia must occur before C0 2 accumulation becomes dangerous 
The breathing is increased, in depth more than m frequency There 
is increased urinary ammonia, titratable acidity, and acid phosphates. 

Respiratory Primary Co, Deficit (Respiratory Alkalosis). This 
is caused by overbreathing which “ washes out ” C0 2 The over* 
breathing may bo due to oxygen want, as in heart disease, gross 
anamua, CO poisoning and at high altitudes, or to an attempt to 
reduce hyperpyrexia, as m some fevers, in exposure to hot diy air 
or prolonged hot baths, or to irritation of the respiratory centre, 
as in some cases of encephalitis, or it may be voluntary or hysterical 
H 2 C0 3 falls BHC0 3 falls at first in parallel, later less quickly, 
so that tlic blood 7>H at first is normal, but later rises The alveolar 
CO, falls Clinically there is, of course, h\ perpuaa, and, m thoso 
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cases in which the blood pH exceeds about 7 6, tetany. The urine 
becomes alkaline, contains bicarbonate (though less than in metabolic 
alkalosis), but little or no ammonia There is diuresis and may bo 
slight ketonuna 

Before attempting to discuss the above from the cluneal point 
of view, there are two further mechanisms of importance in 
maintaining the reaction of the blood at a constant level, viz , the 
oxyhcemoglobm haemoglobin change and the chloride shift 

The Oxyhaemoglobin-haemoglobin Change is of importance in 
preventing changes m reaction which would otherwise occur when 
C0 2 is added to blood m its passage through the tissues, and when 
CO a is lost from the blood during its passage through the lungs At 
the reaction of the body both oxyhemoglobin and hemoglobin 
behave as weak acids, but of the two bodies oxyhemoglobin is 
more strongly acid In the lungs C0 2 leaves the blood and 
hemoglobin is changed to oxyhemoglobin The loss of acid in 
the form of C0 2 is balanced by the mcrease of acid owing to the 
formation of oxyhemoglobin 

Conversely .in the tissues the mcrease in acid owing to addition 
of C0 2 to the blebd is balanced by the loss of acid due to the reduction 
of oxyhemoglobin to hemoglobin This mechanism maintains an 
approximately constant pH in the blood whether it be arterial or 
venous, but it cannot be of much importance in conditions of 
acidosis due to such acids as aceto acetic or phosphoric which are 
not excreted by the lungs, seeing that of necessity hemoglobin is 
changed to oxyhemoglobin in the lungs 

The chloride shift is another mechanism tending to prevent a 
change of pH when the blood takes up C0 2 from the tissues or gives 
up C0 2 m the lungs In the tissues, with increase of C0 2 tension, 
there is a migration of Cl ions from plasma to corpuscles, thus 
leaving more base in the plasma to combine with the C0 2 In the 
corpuscles the incoming Cl ion is buffered in part by the phosphates, 
and m part by the haemoglobin In the lungs the reverse process 
occurs The changes that occur may be represented by the following 
scheme (Van Slyke) — 
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The following table summarises the findings m arterial and venous 
blood respectively m a healthy individual — 



KETOSIS ACIDOSIS AND ALKALOSIS 189 


(From Hawk and Bergeim’e Practical Physiological Chemistry) 



| Ariebul Blood 

J Vebocs Blood 

Whole 

Blood 

PIii a | 

Cells 

Wl ole 
Blocul 

Phsn i 

Celts 

pH 


1 

7 45 

731 


7 42 

l 7 30 

Fro® CO, vol per cult of w hole 



1 




blood 

24 

1 C 

08 

27 

1 8 

09 

Combined CO, \ ol percent ofwholo 







blood 

45 8 

34 0 

11 8 

50 4 

3GS 

13 G 

NaCl mgm per 100 cc whole 







blood 

4C8 

319 

119 

403 

342 

12G 

Combined 0* vol per cent of whole 







blood 

10 3 

— 

— 

13 0 

— 



Saturation of Hb percent 

9b 0 

— 


G«>0 


, — 


This chloride shift also occurs to a greater or less extent m any 
acidosis or alkalosis and is most marked in acid'emia and alkakcmia 
From the above table, whole blood chlorides w ould seem to give 
either no information or not as much as the plasma.phlondes The 
table, however, applies to a normal individual (whole blood chlorides 
unaltered) In pathological conditions, the chloride shift may be 
exaggerated (c/ intestinal obstruction, p 194) m which case there 
may be also an alteration in the whole blood chlorides In fact, m 
pathological studies, the chloride shift only becomes significant 
when whole blood chlorides are altered Therefore, for clinical 
work it is recommended that estimations be made on whole blood 
This is fortunate in view of the fact that a chloride shift from 
corpuscles to plasma occurs tn vitro unless escape of blood gases is 
prevented , “ true plasma ” (see p 179) must be employed for 
estimating plasma chlorides 

THE CLINICAL APPLICATION OF THE ABOVE DATA 
Acidosis and Actdsemia 

In clinical medicine acidosis may be broadly considered under 
five headings, due to — 

Excessive formation of aeeto acetic and /? hvdroxybutync acids 

Excessive formation of other organic acids 

Failure of phosphate excretion 

Administration of acidic substances 

Failure to excrete H 2 C0 3 properly 

Acidosis due to Excessive Formation of Ketone Bodies Diabetes 
melhtus is the classical example, and acidosis has been extensively 
studied m this disease In the early stages of ketosis there is no 
alteration m pH, and not even any appreciable fall m the alkali 
reserve The ketone bodies are in a low concentration in the blood 
and are rapidly excreted in the urine, partly os sodium or ammonium 
salts and partly free As the ketosis increases, a significant portion 
of the base of tho blood bicarbonate is fixed by tho aceto acetic 
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and 8 hydroxybutync acids therefore the alkali reserve falls 
But the free C 0 2 (H.COj) falls in parallel and no change in pH occurs 
In other words, there is a compensated acidosis Only m the 
terminal stages of the disease does this compensatory mechanism 
fail, and a fall m pH, a true acidsemia, results The body tries to 
compensate for the fall in the alkali reserve even in these terminal 
stages by rapid breathing, hence the typical air hunger m diabetic 
coma Treatment by alkali is not indicated until the terminal 
stages are approached, because there is no serious loss of alkali 
from the body, the alkali being simply fixed by the foreign acids 
Insulin (plus abundance of fluids, warmth, etc ) is indicated to 
prevent the formation of ketone bodies, and when the ketone bodies 
already in circulation are eliminated, the alkali reserve returns to 
normal In diabetic coma there has already been a loss of alkali, 
and sodium bicarbonate may be given with advantage for a short 
time, e g , twenty four to forty eight hours, together with insulin 
etc But if alkah treatment is prolonged there is a risk of causing 
alkalosis, and it has even been suggested that in that case the 
formation of ketone bodies may recur as a means of fixing some of 
the excess alkali 

It has already been pointed out m the first part of this chapter 
that ketosis is much commoner in non diabetic conditions than in 
diabetes ^ Thus starvation, whether absolute or merely relative 
(c g in vomiting, severe anorexia, etc ), is a common cause 
Similarly in the pernicious vomiting of pregnancy and in the 
cyclical vomiting of childhood, ketosis may be marked, but such 
evidence as is at present available leads to the general conclusion 
that in these non diabetic conditions there is often no acidosis at 
all, or when there is acidosis it is compensated Barely, if ever, is 
there uncompensated acidosis or acidsemia, and, therefore, it 13 only 
exceptionally that alkah treatment is justifiable 

Acidosis due to Excessive Formation of other Organic Adds 
Clausen has found in children that an acidosis due to lactic acid 
may occur m cases of circulatory failure, especially in cardiac 
decompensation and anhydrxima Acidosis is not present in all 
eases of anhydraimia Ketosis is absent or relatively slight in 
lactic acid acidosis This type of acidosis is adequately relieved by 
treatment of the underlying circulatory condition and alkalies are 
not indicated and if given may lead to alkalosis 

The same author has shown in children that large quantities of 
organic acids are excreted in the urine after the crisis in pneumonia 
The larger part of these organic acids is insoluble m ether 

Acidosis due to Failure of Phosphate Excretion tn gross renal 
inefficiency of the azotsemic type (advanced chrome interstitial 
nephritis severe renal infantilism, late stage of congenital cystic 
kidney disease, etc ) the kidneys are unable to excrete phosphates 
The plasmic inorganic phosphate is increased ( cf Chapter V) the 
alkah reserve and the serum calcium are lowered There is a true 
acidosis, which in the earher stages isf compensated t e , it is accoin 
pamed by a corresponding fall m the free C0 2 of the blood (alveolar 
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C0 2 low), but in the later stages is uncompensated, there being a 
fall m the pH of the blood and an aeidamna The quantity of 
ammonia excreted in the urine is decreased, an observation best 
explained by the hypothesis of Nash and Benedict that ammoma 
is normally formed from urea by the kidney With gross damage 
to the kidneys it would be expected, on this hypothesis, that the 
ammoma excretion would fall The patients in this group who vomit 
considerably maj not show as big a drop in the alkali reserve as 
would he expected from the degree of phosphate retention This 
may be explamed hj the loss of HC1 in the vomit, which by itself 
would tend to lower the plasma chloride and to mcrease the alkali 
reserve ( cf p 194) From the above findings it is a natural 
suggestion that administration of alkalies and of calcium lactate 
would he valuable, and such remedies may possibly prolong life for 
a short while, but owing to the fact that it is impossible to repair 
the renal damage no treatment is of much avail 

Acidosis due to Administration of Acidic Substances This type 
of acidosis is not common in cluneal work Theoretically it could 
arise from excessive administration of any acid or acid salt 
Practically it is most likelj to result from breathing air containing 
a high proportion of C0 8 or after the employment of excessive doses 
of calcium chloride or ammonium cliloride Mixtures of oxygen 
and carbon dioxide with nitrous oxide are used for producing 
anaesthesia, but the proportion of C0 2 is carefully regulated, and 
the writer is not aware of any clinical acidosis arising therefrom 
Large percentages of C0 2 may be encountered in sewers, mmes, 
and so on, but if clinical signs of distress arise they are usually due 
more to other causes {eg , CO poisoning), and the C0 2 acidosis, if 
it exists, is of secondary importance Calcium chloride in the 
mtestme or body fluids (intravenous injection) tends to dissociate, 
the calcium being bound as phosphate, as soaps, or as protema te, 
and the chlorine reacting with BHC0 3 and thereby fixing base and 
liberating C0 2 which is excreted by the lungs Ammonium chloride 
similarly causes an acidosis, the ammoma combining with H 2 C0 3 
and bemg converted into urea, and the chlorine reacting with 
BHCO 3 At first a compensated acidosis results, but it is possible 
by continuous administration of large doses of these two drugs to 
cause an actual acidremia, and it has been shown that calcium salts 
may actually be mobilised from the bones as a result 

In the treatment of pernicious anaemia hydrochloric acid is 
frequently given, but it is difficult, if not impossible, to give 
sufficient quantities to cause acidosis The same applies to the 
therapeutic use of acid sodium phosphate, phosphoric acid, etc , in 
urinary complaints, and so on, but NaH 2 P0 4 may increase the 
acidosis seriously if renal damage is severe 

The organic acids, such as citric, tartaric, etc , are oxidised in 
the body to carbonic acid, which is quickly eliminated by the lungs 
They, therefore, do not cause acidosis In fact, the alkali salts of 
these acids, eg , sodium citrate are valuable alkalies owing to their 
com ersion into bicarbonates 
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Acidosis due to Defective Elimination of Carbonic Acid This 
occurs when, the lungs are grossly damaged, as in pneumonia, severe 
bronchitis, pulmonary oedema, and emphysema, or grossly 
obstructed, as m laryngeal obstruction (c/ Negus) 

In many cases the increase m H 2 C0 3 is compensated by a 
corresponding mcrease in BHCO s but in others the acidosis is not 
compensated and a fall m pK (acidoemia) occurs 

Owing to the pathological changes in the walla of the pulmonary 
alveoli, the alveolar C0 2 tension may actually be a good deal lower 
than the blood C0 2 tension 

In decompensated heart disease, not associated with gross 
pathological changes m the lungs, there is not an acidosis, hut when 
complicated by pulmonary lesions there may be (cf Fraser) 

The methods employed, and the calculations necessary, in 
studies of the respiratory metabolism and acid base balance in 
cases of cardiac and pulmonary disease are too complicated to bo 
applied as routine tests, though they are of the greatest value in 
the scientific investigation of the cause of various clinical signs and 
of tho rational basts for various lines of treatment 

Alkalosis and Alkalmmia 

In clinical work alkalosis may be grouped under three headings 
Administration of alkabes 
Loss of HC1 or NaCl by vomiting 
Loss of carbonic acid 

Alkalosis due to Administration of Alkabes Treatment hi 
alkalies has long been widely used in medicine, but onl} com 
paratively recently has it been shown that the alkali can do harm 
in certain instances Indeed, in many of these it is not so much 
the alkali actually given as the fact that, in addition, other lines 
of treatment simultaneously restore the normal alkali reserve of the 
body Thus at one time large quantities of alkali were prescribed 
over long periods in diabetes melhtus This was originally done 
with the idea of neutralising the aceto acetic and hydroxy butyric 
acids formed in this disease, but m the absence of quantitative 
tires# Amdra- •km' wait ktw mMassety of gissfgasff klip 
dose of alkali by rough tests, such as the reaction of the urine to 
litmus an alkalosis and even an alkalsemia must, and, in fact, did 
occasionally result That was in the days when alkali was combined 
with dietetic treatment Now that insulin is also available and 
rapidly prevents the formation of the foreign acids the dangers of 
alkalosis from coincident alkali treatment are even greater As 
mentioned previously, in diabetes the acidosis is compensated until 
the terminal stages, and even in coma it is advisable to give aihau 
for a short period only, owing to the rapid action of insulin in 
restoring the alkali reserve . 

Alkalosis has also been reported in the alkaline treatment ot 
gastric ulcer, of pyelitis, of tetany, and so on In some forms of 
tetany there is already an alkalosis (cf p 18S), and so alkaline 
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treatment is contra indicated In nephritis there is a risk of causing 
cedema as well as alkalosis if alkali is pushed 

Palmer and Van Slyke have shown that m normal individuals 
when the alkali reserve rises to a figure of about 71 volumes of 
C0 2 per 100 c c of plasma, the reaction of the urine approximates 
to that of the blood and becomes faintly alkaline, and when the 
alkali reserve rises still higher the unne becomes definitely alkaline 
In most of the pathological cases studied, however (mainly diabetes 
and nephritis), the unne did not become alkaline until a higher 
plasma bicarbonate had been reached In other words, m disease 
it is not alwajs safe to he guided by the reaction of the (fresh) 
urine to litmus It is advisable to control the amount of alkali 
given by estimations of the alkali reserve (see end of chapter) 
The same authors have shown that from a preliminary estimation 
the dose of sodium bicarbonate necessary to restore the alkali 
reserve to a normal level may be calculated thus — 

1 gm of NaHC0 3 yields 267 c c of d0 2 at 0° and 760 mm 
3 kgm of body weight contains 700 cc of water approximately 
Let the body weight m kgm be W The body fluid will then 
be 700 xWco For each 1 gm of NaHC0 3 given, 

700 X W c o of body fluid will contain an extra 267 c c of C0 2 



38 ~~ 

or ^ c c C0 2 

Conversely, suppose it is desired to raise the body fluid CO s - 
content by x c c of C0 2 per 100 c c 
38 

Since a rise of ^ c c of C0 2 is caused by 1 gm of NaHC0 3 

W 
38 

x X IV 
38 

For example, if the original plasma bicarbonate land it is assumed 
tho original body fluid bicarbonate) is 60 cc of C0 2 per 100 c c , 
an increase of 11 c c of C0 2 per 100 c c is desired, t e , x *= 11 
11 X W 

The bicarbonate required is — — gm » which for an indi- 
vidual of 67 kgm (9 stone) would be ^ ^ =16 5 gm 

Palmer and Van Slyke found in normal individuals that tho 
observed nse in C0 2 was very nearly that which would be expected 
by calculation, but in disease the observed was often less than tho 
calculated nse In other words, the above method of calculation 
will pre\ ent the giving of too much bicarbonate in disease 

In practice, howexer, the neccssarj estimations of the* alkali 

CBIK- JHTS0D9 * 7 
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reserve (plasma bicarbonate) and the above calculations are often 
impossible In that case reliance must be placed on testing the 
reaction of the freBh unne with litmus, remembering that in certain 
cases in which large doses of alkali are necessary, there is a possibility 
of alkalosis, although the urine may bo scarcely alkaline 

There is evidence that large doses of bicarbonate may be the 
direct cause of ketosis, and it has been suggested that the formation 
of aceto acetic and /3 hydroxybutync acids is a mechanism for 
counteracting the alkalosis This completely upsets the old view 
that the presence of ketone bodies points to an acidosis and 
illustrates once more the absolute necessity of differentiating 
between ketosis and acidosis 

Alkalosis due to Loss of HCI or NaCI by Vomiting In high 
intestinal obstruction (pylonc obstruction m adults, congenital 
pyloric obstruction of infants, obstruction of duodenum or of upper 
jejunum) there is a rise m the plasma bicarbonate and a fall m 
blood chloride In fact, in. all examples of excessive vomiting 
there is a tendency to the same state of affairs, though the picture 
may be modified by other influences Thus m uraemic vomiting 
the acidosis due to retention of phosphates more than counter- 
balances the alkalosis due to vomiting (c/ p 191) 

The most obvious explanation of these findings is the loss of 
HCI in the vomit The hydrochloric acid of the gastnc secretion 
is formed from the sodium chlonde of .the blood The sodium 
combines with carbonic acid to form bicarbonate, which is earned 
away m the blood from the stomach Later in the cycle of 
digestion sodium bicarbonate is passed into the intestine m the 
pancreatic and intestinal secretions In the intestine the HCI from 
the stomach reacts with this bicarbonate to reform sodium chloride, 
which is absorbed and so the plasma chloride is readjusted If, 
however, HCI is lost by vomitmg this cycle is broken, and the 
blood is left rich in bicarbonate and poor in chloride There are, 
however, several difficulties m acceptmg this hypothesis Thus the 
vomit may contain no free H Cl, and it has been stated that ligature 
of the cesophagus causes similar changes Moreover, m obstruction 
of the lower part of the duodenum or upper part of the jejunum, 
it would be expected that not onjy HCI from the stomach, but also 
bicarbonate from the pancreatic secretion would be vomited An 
alternative hypothesis is that the blood changes are due to loss of 
mineral chlonde (mamly NaCI) m the vomit (cf Hartmann and 
Smyth) Base is mobilised from the tissues and combined with 
carbonic acid, thus keeping up the bicarbonate content and the 
isotonicity of the blood When this supply of base begins to fad, 
non protein nitrogen is retamed, thus accounting for the raised urea 
and non protein nitrogen observed in cases of severe vomitmg As 
mentioned in Chapter V, one of the functions of the kidney is the 
regulation of the osmotic pressure of the blood, and when the kidney 
is unable to carry out this function by not excreting chlorides, it 
is suggested that it does so by not excreting as much non protein 
nitrogen as normally This hypothesis would account for tko fau 
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in blood chloride in vomiting due to intestinal obstruction at any 
level, or to general peritonitis, and is supported by the experimental 
work of Haden and Orr When sodium chlonde is given in these 
conditions the blood chloride, bicarbonate and non protein nitrogen 
rapidly return to normal, and the toxic symptoms are largely or 
completely relieved, provided that the intestine is not gangrenous 
and that the obstruction is removed When the latter conditions 
do not hold, chlonde administration corrects the blood chemical 
disturbances, but does not, of course, prevent the absorption of 
toxins from the damaged mucous membrane The great clinical 
importance of chloride treatment m intestinal obstruction and 
peritonitis does not appear to be widely appreciated in this country 
Anrep and Caiman have shown that the concentration of lacfcio 
acid in the blood rises when the alkalinity of the blood is increased, 
and suggest that this is another mechanism for preventing changes 
in the reaction of the blood to the alkaline side 

Alkalosis due to Loss of Carbonic Acid Tins occurs in 
hyperpnoea, whether due to oxygen want (eg , at high altitudes, 
or m heart failure not associated with gross pulmonary lesions), 
or voluntary, or due to prolonged hot baths, and may be regarded 
ns a simple washing out of C0 2 by the excessive breathing If the 
plasma bicarbonate falls proportionately there is no change in the 
pH of the blood and the alkalosis is compensated If the fall in 
bicarbonate does not keep pace with the fall in C0 2 tension, there 
is uncompensated alkalosis, or alkalfemia, and the pH of the blood 
rises In thermic (hot bath) fever the pulmonary ventilatihn may 
be enormously increased and ketosis may result (cf Bazett and 
Haldane) This ketosis is probably a compensatory mechanism, 
•and provides j et another example of the association of ketosis with 
alkalosis Both C0 2 tension and plasma bicarbonate are low — an 
instance of the misleading result of labelling a lowered alkali reserve 
(plasma bicarbonate) an ‘ acidosis ” In cardiac failure some of the 
patients exhibit a compensated, others an uncompensated, CO a 
deficit (compensated alkalosis, and alkak-enna respectively), 
presumably the result of increased pulmonary ventilation due to 
anoxjemia, so Ion g as there is no gross pulmonary lesion When the 
heart failure is complicated bj severe pulmonary disease (extensive 
pulmonary oedema, pneumonia, etc ), there may be an actual 
acidosis due to tlio inability of the pulmonary alveoli to allow CO a 
to pass through properly Owing to the opposing action of cardiac 
failure and pulmonary disease on the blood reaction, the nett result^ 
m some patients maj be an acid base balance within normal limits 
Koehler has shown that m some fevers (influenza) an alkalosis 
may be present, probably due to the increased pulmonary ventilation 
The alveolar C0 2 is low , and this at first sight might be regarded as 
evidence of “ acidosis,” whereas actually it is in this case evidence 
of a lowered blood C0 2 tension, which may be accompanied by a 
proportionately lowered plasma bicarbonate (compensated alkalosis), 
or by a plasma bicarbonate which has not fallen in proportion 
(alkalamua) This alkalosis in fevers may bo accompanied by a 

7 — a 
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ketosis — another example of this association Tke ketosis may be 
due to a compensatory mechanism to recluee the alkalosis, or to 
anorexia causing a partial carbohydrate deficiency, or to both The 
tetany which occasionally occurs in acute fevers may he ascribed to 
alkalosis 

CONCLUDING REMARKS ON THE CLINICAL VALUE OF 
DETERMINATIONS OF THE ACID- BASE BALANCE 

It will be seen from the above discussion that determinations of 
the acid base balance m pathological Btates must often be a 
comparatively complicated procedure, and, therefore, seldom 
apph cable to clinical cases in ordinary practice When dealing 
with diseases that have been thoroughly studied, it is justifiable 
from previous work to assume that an acidosis or alkalosis, as the 
case may be, is present, and to use an incomplete technique to 
measure the acidosis or alkalosis Tor example, m untreated 
diabetes melbtus with acetone bodies m the urine, it may be assumed 
that there is an acidosis, and help in treatment can be ob tamed by 
measuring the alkali reserve (plasma bicarbonate) Again, in 
patients given large doses of sodium bicarbonate, the same method 
can be used as a guide to subsequent dosage with alkali But m 
dealing with conditions less well studied, an incomplete technique 
(eg, a measurement of the alkali reserve alone) may be more 
misleading than no laboratory tests at all 

The old clinical view that acidosis and ketosis are synonymous 
can no longer he maintained, but from the essentially practical 
point of view acidosis due to the ketone bodies is still the most 
important clinically Acidosis m chronic kidney disease is usually, 
of minor importance because generally the renal damage cannot 
be repaired , in acute nephritis and in acute obstruction of the 
urinary passages, however, attention to the acid base balance of 
the blood may be of therapeutic value The practical man would 
pomt out that the dangers of administration of acids or of alkalies 
are obvious, but the newer methods have put the risks on a 
quantitative basis The alkalosis of severe vomiting again is more 
of academic than of practical interest because, if the cause of the 
vomiting is successfully treated, the alkalosis is soon corrected by 
the natural mechamsms Finally, respiratory acidosistis admittedly 
(p 187) of secondary importance to the anoxia, and respiratory 
alkalosis, too, is of little importance clinically, for when the oxygen 
want, hyperpyrexia, etc (p 187), can be successfully treated the 
alkalosis disappears 

The practical man, therefore still tends to maintain that for him 
ketosis is almost the only condition m which he need bother about 
“ acid base balances,’ but there is a real danger of his becoming 
unduly alarmed by ketonuria, which has been the cause of much 
unnecessary worry, and possibly on occasion has led to bad treat 
ment In diabetes melbtus the issue is generally clear Slight 
ketosis (a positive Rothera’s test, but a negative Gerhardt’e test) 
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rarely matters Moderate or marked ketosis (a positive or strongly 
positive feme chloride reaction) is undesirable, but it may or may 
not be the accompaniment of a senous state of acidosis In non 
diabetic ketosis there is seldom any need to worry at all about the 
finding of acetone bodies m the urine Such ketosis may be 
associated with compensated acidosis, compensated alkalosis, or 
rarely with acidfemia or alhalsemia, but in most cases without 
elaborate investigation it is impossible to form an opinion as to the 
reaction of the blood, or as to the nsk of the blood pH shifting into 
dangerous zones 

Unfortunately determinations of blood pH are technically 
comparatively difficult, but fortunately this does not matter much 
m ordinary clinical work, because the pH is not altered significantly 
until the patient is very gravely ill or moribund, so dehcate and so 
elaborate are the various mechanisms for keeping it practically 
constant (Normally the range is pH 7 3 to 7 5, and the most 
extreme variations reported in disease almost all he between pH 7 0 
and 7 8 ) The idea that if only there was a simple way of measuring 
blood pH much valuable information m a whole host of diseases 
could be obtained, is therefore, obviously wrong What should be 
valuable in clinical work is a simple method of measuring the 
tendency to an acid state (acidosis) or the tendency to an alkaline state 
(alkalosis) of the blood, but in view of the many interdependent 
factors outlined above, this clinical ideal of a simple test seems 
unlikely ever to be realised 

TECHNICAL 

Note on Total C0 2 Content of Venous True Plasma or Serum 
Van Slyke (see Peters and Van Slyke, vol l , p 935) has largely 
discarded the determination of the alkali reserve in favgur of the 
total C0 2 content of venous plasma or serum separated without 
loss of gases from blood which has been collected without loss of 
gases and without constriction of the vem The writer feels that 
the technique (see Peters and Van Slyke, vol u ) necessary for the 
collection and centrifugation of the blood would commonly be too 
difficult in everyday clinical work, and unless the proper technique 
is used serious errors might result In patients it is often difficult 
to ohtam venous blood without some degree of stasis At present, 
therefore, it is the writer's practice to determine the alkah reserve 
m the old way, as described m the next section 

In health the total C0 2 content of venous true plasma, collected 
without stasis, vanes from 55 to 74- c c of C0 2 per 100 c c (Peters 
and Van Slyke, vol i , p 941), which is very similar to the normal 
range for the alkah reserve (53 to 77 c c of C0 2 per 100 c c ) 

Determination of Alkali Reserve or Plasma Bicarbonate 
principle “ True ” plasma from oxalated blood collected under 
liquid paraffin is shaken with air whose carbon dioxido tension 
approximates to that of normal arterial blood (usually normal 
alveolar air), causing the plasma to combmo with as much carbon 
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dioxide as it is able to hold under normal tension. A known quantity 
of the plasma is then acidified within a suitable apparatus and its 
carbon dioxide liberated by the production of a known partial 
vacuum. The volume of the liberated carbon dioxide is then 
measured at atmospheric pressure and calculated for 100 c.c. of 
plasma. 



Fiq 43. Van Slybe’a carbon dioxide apparatus. Level 1. Surface of 
mercury in levelling-tube just above horizontal plane through E, 
Level 2. Just below plane through 2 5 c c. mark. Level 3. About 
2 tt. 10 in below level 2, i t , Joir enough to bring the mercury in the 
evacuator about half way down C and D, when E »s closed. 
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Apparatus The Van Slyke carbon dioxide apparatus (Fig 43) 
is supported in a powerful screw clamp, the jaws of which are lined 
with rubber pads, and additional support in the form of an mm rod 
is arranged to project through the two hmbs C and D under stop 
cock F to support the weight of the burette The stand carrying 
the apparatus should be securely fixed to the bench Tu o paire of 
large screw eyelets having two metal meat skewers passed through 
them will be found effective Three metal retort rings, each having 
about an inch of metal removed so as to leave a gap, are arranged 
to support the levelling bulb at levels 1 2 and 3, the bulb being 
connected to the bottom of the apparatus by rubber pressure tubing 
and the whole filled with mercury All stop cocks should be air tight 
and well greased, and preferably of the type with a small spring and 
washer to prevent the w eight of the mercury forcing the taps out , 
otherwise stout rubber bands should be fitted 

Collection of Blood About 10 c c of venous blood are collected 



m a syringe containing oxalate and liquid paraffin (seo Chapter 
XVII) without any constriction of the veins The blood is delivered 
into a centrifuge tube under 2 or 3 c C of liquid paraffin and 
centrifuged About 3 c c of plasma are transferred to a pear* 
shaped separating funnel, the tap of which should have a wide bore 
The funnel is connected to a wash bottle containing moist glass 
beads (Fig 44), and is held horizontally, as shown 

Saturation of PJasma with C0 2 The air in the separating funnel 
is displaced by either a 5 5 per cent carbon-dioxide air mixture or 
by alveolar air from the lungs of the operator In the latter ca«e, 
the operator, after a normal inspiration, expires as quickly as 
possible through the glass beads into the separating funnel, inserting 
tho stopper just before expiration is finished, to prevent atmospheric 
air from being drawn into tho funnel In order to saturate the plasma 
the stop cock is closed and the funnel rotated for a few minutes to 
distribute the plasma as complete!} as possiblo over tho walls Tho 
funnel is then placed in a vertical position and the plasma allowed to 
collect above the tap 
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Determination of Carbon Dioxide. Place the levelling bulb 
(Fig 43) in position 1, and fill the whole apparatus with mercury, 
allowing beads of the metal to pass into A and B to act as seals 
Close E and lower the levelling tube to position 3 Wait for a few 
minutes, and then slowly raise the levelling tube There should be 
sharp clicks as the mercury m turn strikes up against F and E 
Having thus tested the apparatus for leaks, wash out cup B with 
a few c c of 1 per cent ammonia in C0 2 free distilled water, using 
a capillary pipette and teat Remove all but the last trace of the 
ammonia solution Remove 1 c c of the plasma from the separating 
funnel with an accurate Ostwald pipette, and deliver into cup B, 
keeping the tip of the pipette just above the bead of mercury, so 
that it remains under the surface of the plasma during the delivery 
Lower the levelling bulb to position 2, and by careful manipulation 
of stop cock E, draw m all but the last trace of plasma, but no air 
Add a few drops of capryhc alcohol, and very cautiously draw 
about 1 drop down into the capillary of the stop cock Then add 
two \ c c portions of water, and draw those down m turn into the 
apparatus, but no air Lastly, place about 1 c c of 20 per cent w/v 
tartaric acid m cup B, and draw in enough 1 to make the total 
volume of fluid inside the burette exactly 2 5 c c This is checked 
by closing E and raising the mercury If the watery fluid does not 
quite reach the 2 5 c c mark, lower the mercury again slightly, 
open E to B again and suck in the requisite amount of acid Finally, 
seal the stop cock by introducing a bead of mercury mto the capillary 
of B with a fine capillary pipette and teat 

Lower the levelling bulb towards position 3, and when the 
mercury (not the water) has fallen to the 60 c c mark, close F 
Remove the apparatus from its clamps and invert fifteen or more 
times Equilibrium of the C0 2 between the 2 5 c c of watery 
solution and the 47 5 c c of free space is thus obtained Replace 
the apparatus With the levelling tube in position 3, turn T to 
admit all the mercury, and all but the last trace of watery solution, 
but no gas, mto D Close F Raise the levelling tube to position 2 
and open F to C Equalise rapidly the levels of mercury m the 
levelling tube and in the burette, close F, and read off the volume 
of gas at leisure tray trace of wafer should not, of coarse, be 

included m the volume of gas read off 

Note the barometric pressure and the temperature of the room 

Calculation Correct for barometric pressure by multiplying 

the observed volume of CO a by where B equals the barometric 
pressure 

From the table on p 201 read off the alkali reserve corresponding 
to the particular room temperature at which the analysis was made 

This table applies only when 1 c c of plasma is used, and when 

1 Half c c of 20 per cent w/v tartanc acid is a great excess , there is no risk of 
incomplete evolution of CO, from BHCO, in the grossest alkatemi a Lactic acid 
(S G 12) diluted 1 in 10 with water may be used instead both arc better than 
dilute H,S0 4 which was used originally, because they do not coagulate the proteins 
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Calculation of Carbon Dioxide Combining Power of Plasma . 1 
{Van Slyke and Cullen) 


Observed 
vol gas 

x 7«0 

c c of CO, reduced to 0 s 760 mm 
bound s' bicarbonate by 100 c r 
of plasma 

Observed 
vol gas 

11 

* ,60 

c c of CO, reduced to 0* "60 mm 
bound as bicarbonate by 100 c r 
of plasma 

JJ* 

so* 

2S* 

30° 

15’ 

SO 

So* 

30* 

0 20 

9 1 

99 

10 7 

11 8 

OCO 

47 7 

48 1 

48 5 

48 6 

1 

10 1 

10 9 

11 7 

12 6 

1 

48 7 

49 0 

49 4 

49 5 

2 

110 

11 8 

12 6 

13 5 

2 

49 7 

60 0 

50 4 

50 4 

3 

12 0 

12 8 

13 6 

14 3 

3 

50 7 

51 0 

51 3 


4 

130 

13 7 

14 5 

15 2 

4 

61 6 

51 9 

62 2 

52 3 

5 

13 9 

14 7 

15 5 

16 1 

5 

52 6 

52 8 

53 2 

53 2 

6 

14 9 

15 7 

16 4 

17 0 

G 

63 6 

53 8 

54 1 

54 1 

7 

15 9 

16 0 

17 4 

18 0 

7 

64 5 

54 8 

55 1 

55 1 

8 

10 8 

17 C 

18 3 

18 9 

8 

55 5 

55 7 

56 0 

66 0 

9 

17 8 

18 5 

19 2 

19 8 

9 

56 5 

56 7 

67 0 

56 9 

0 30 

18 8 

19 5 

20 2 

20 8 

0 70 

57 4 

57 0 

57 9 

57 9 

1 

19 7 

20 4 

21 1 

21 7 

1 

58 4 

58 6 

58 9 

58 8 

2 

20 7 

21 4 

22 1 

22 6 

2 

59 4 

59 5 

59 8 

59 7 

3 

21 7 

22 3 

23 0 

23 5 

3 

CO 3 

60 5 

60 7 

60 6 

4 

22 6 

23 3 

24 0 

24 5 

4 

61 3 

61 4 

01 7 

bl 6 

5 

23 0 

24 2 


25 4 

5 

62 3 

62 4 

62 6 

62 5 

6 

24 6 

25 2 

25 8 

26 3 

6 

C3 2 

63 3 

63 6 

63 4 

7 

25 5 

26 2 

26 8 

27 3 

7 

64 2 

64 3 

64 5 

64 3 

8 

26 5 

27 1 

27 7 

28 2 

8 

65 2 

65 3 

65 5 

65 3 

9 

27 5 

28 1 

28 7 

29 1 

9 

66 1 

66 2 

66 4 

66 2 

0 40 

28 4 

29 0 

29 6 

30 0 

0 80 

67 1 

67 2 

67 3 

67 1 

1 

29 4 

30 0 

30 5 

31 0 

1 

68 1 

68 1 

68 3 

68 0 

2 

30 3 

30 9 

31 5 

31 9 

2 

69 0 

69 1 

69 2 

69 0 

3 

31 3 

31 9 

32 4 

32 8 

3 

70 0 

70 0 

70 2 

69 9 

4 

32 3 

32 8 

33 4 

33 8 

4 

71 0 

71 0 

71 1 

70 8 

5 

33 2 

33 8 

34 3 

317 

5 

71 9 

72 0 

72 1 

71 8 

6 

34 2 

34 7 

35 3 

35 6 

6 

72 9 

72 9 

73 0 

72 7 

7 

35 2 

35 7 

36 2 

36 5 

7 

73 9 

73 9 

74 0 

73 6 

8 

36 1 

36 6 

37 2 


S 

74 8 

74 8 

74 9 

74 5 

9 

37 1 

37 6 

33 1 

38 4 

9 

75 8 

75 8 

75 8 

75 4 

0 50 

38 1 

33 5 

39 0 

39 3 

0 99 

76 8 

76 7 

76 8 

7C 4 

1 

39 1 

39 5 

40 0 

40 3 

l 

77 8 

77 7 

77 7 

77 3 


40 0 

40 4 

40 9 

412 

2 

78 7 

78 8 

78 7 

78 2 

3 

41 0 

41 4 

41 9 

42 1 

3 


79 6 

79 6 

79 2 

4 

42 0 

42 4 

42 8 

43 0 

4 

80 7 

80 6 

80 6 

80 1 


42 9 

43 3 

43 8 

43 9 

5 

61 6 

81 5 

81 5 

81 0 

6 

43 9 

44 3 

44 7 

44 9 

6 

82 6 

82 5 

82 4 

82 0 

1 

44 9 

45 3 

45 7 

45 8 

7 

83 6 

83 4 

83 4 

82 9 

8 

45 8 

46 2 

46 6 

46 7 

8 

84 5 

84 4 

84 3 

83 8 

9 

46 8 

47 1 

47 5 

47 6 


85 5 

85 3 

85 2 

84 8 

0 60 

47 7 

48 1 

48 5 

48 6 

I 00 

86 5 

86 2 

86 2 

85 7 


* The temperature figures at the heads of columns represent the room tempera 
ture at which the samples of plasma are saturated with alveolar carbon dioxido 
and analjsed It is assumed that both operations are performed at tho some 
temperature Tho figures hav e been so calculated that, regardless of the room 
temperature at which saturation and anal} sis are performed, the table gives tho 
volume {reduced to 0°, 760 mm ) of carbon dioxide that 100 c c of plasma are 
capable of binding when saturated at 20° with carbon dioxide at approximately 
41 mm tension It the figures in the table are multiplied by 0 94 the} give within 
1 or 2 per cent of the carbon dioxide bound at 37°. 
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the volume of watery solution in the burette is 2 5 c c If only 
| c c of plasma can be employed, use half the volumes of v ater and 
acid, making the total volume in the burette 1 26 c c , then multiply 
the observed gas volume by 2 and use the table Alternately (but 
less accurately), if $ c c of plasma is diluted to 25 cc m the 
apparatus, convert the observed gas volume into combined C0 2 
with the table and then multiply by 2 

Allowance has been made in the table for the C0 2 and air in 
physical solution in the plasma and m the water used in the 
experiment (see J Biol Chem , 1917, 30, 313) 

When 1 c c of plasma yields more than 1 c c of gas, repeat 
with J ce of plasma, making the total volume up to 1 25 c c , 
multiply by 2, and calculate the alkali reserve, x, from the formula, 
used in compiling the table, viz , 

* — (100 8 - 0 27 () (V - 0 136 + 0 002 i) 

where t is the room temperature, and V is the observed gas 
volume 

Cleaning the Apparatus, and Notes. Raise the mercury and run 
out the wateiy solution as completely as possible through A Fill 
B with distilled water, lower the mercury, and wash out the burette, 
T), C, and both bores of F and E, finally ejecting the water through 
A by raising the mercury Repeat with water, then with a few c c 
of 20 per cent w/v tartaric acid, and then with distilled water 
again Then prepare the apparatus and test for leaks as previously 
described 

After repeated determinations, blobs of mercury and grease, or 
small lumps of plasma proteins and grease, will adhere to the walls 
of the vessel These may be removed by washing, as above described, 
with 20 per cent w/v tartaric acid, followed by water 

After long use the above method does not suffice Then 40 per 
cent sodium hydroxide followed by thorough rinsing with the 20 per 
cent tartaric acid and water may be tried Finally, the apparatus 
will have to be dismantled and thoroughly cleaned For method 
of cleaning mercury, see Appendix 

When assembling the apparatus, make certain that the inside of 
the pressure tubing is really clean Indiaruhber tubing is sometimes 
stored in chalk (CaCO s ), in which case it must be well washed with 
dilute 10 per cent v/v hydrochloric acid followed by water It is 
more often stored in “ French chalk,” which is a hydrated magnesium 
silicate, and should not contam CaC0 3 

The pressure tubing should be wired on, or fixed with strong 
string 

When not in use avoid leaving both taps E and r closed and the 
apparatus full of mercury, otherwise a rise of temperature by 
expansion of the mercury may crack the glass 

For interpretation ot results see the table on p. 203 and the 
discussion in the earlier part of this chapter 



(From Hawk and Bergeim’s Practical Physiological Chemistry) 

The Relationship of the Plasma Bicarbonate to Acid Excretion, Allah Tolerance, and Alveolar Carbon Dioxide Tension . 1 
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Reaction of Urine to Indicators 
Fresh unne is essential Owing to bacterial decomposition an 
acid unne may become alkaline in a very short time, e g , in two to 
four hours, at room temperature Bacterial decomposition may be 
reduced by storage m an ice room, but such treatment is not a 
certain preventive of changes m pH Toluene and other 
preservatives will lessen bacteria! activity, but no preservative is 
certain in its action (see Chapter XVI) Much depends on whether 
the original unne is already infected with organisms, and what type 
of organism is present 

When watching the influence of alkaline treatment the early 
morning specimen should always be tested, because the nights 
unne is the most difficult to keep alkabne Litmus paper is 
satisfactory So long as it turns blue (pH greater than 7 0) the 
dose of alkali is certainly large enough, but it may be too large 
It is a good plan, therefore, to use also phenol red If this turns 
purple red (pH about 7 8 or higher) it is possible that too much 
alkali is bemg given, and the dose should be reduced 

Apart from controlling treatment by alkab or by acid, testmg 
the reaction of the unne is not of much use clinically, because the 
normal range of pH is so large, viz , 4 8 to 7 4 (Wilson) As a rough 
test of the acidity brom cresol purple (range of pH 5 2 to 6 8) and 
methyl red (range of pH 4 4 to 6 0) may be used (Tallerman) 

To about 5 c c (In column) of unne in a teat tube add 6 drops of brom creso! 
purple (about 0 2 per cent aqueous solution) If the colour is purplish no further 
testa need be earned out The pH if on the alkaline side of 6 2 If a yellow colour 
is obtained to another 6 c c of unne add 5 drops of methyl red (about 0 2 per cent 
in 60 per cent alcohol) If the colour then obtained is yellow orange and not a 
definite pink the urinary acidity lies to the alkaline side of pH 5 0 and the unne 
cannot he abnormally acid 

In health, and in most pathological states in winch the kidneys 
are sound, if the urine is not abnormally acid as judged by the 
above tests, there is either no acidosis or no danger from an acidosis 
But m certain pathological states and particularly when the kidneys 
are diseased it is unsafe to rely on the above tests 

If the unne turns pink with methyl red, it is unduly acid, and 
the existence of an acidosis is probable 

Recently the determination of the actual pH of the unne has 
become of great clinical importance m controlling the treatment 
of urinary infections by ketogemc diet or by mandebc acid and 
“ acid salts ” (eg , ammonium chlonde) — see Chapter XVI — go 
that m many laboratories the above rough tests have been replaced 
by colonmetnc measurement of pH (see p 295) 


Bicarbonate Tolerance Test (Sellard’s) 

Sodium bicarbonate is administered until the reaction of the 
unne becomes alkabne The number of gramines required per kgm 
of body weight is noted . 

Instruct the patient to empty the bladder completely Live by 
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mouth 5 gm of sodium bicarbonate in 100 c c of water Collect 
the unne at the end of half an hour and repeat the dose of 
bicarbonate Continue this process, testing each sample of unne 
on the spot, until the unne becomes alkaline to litmus 

Calculate the number of grammes of bicarbonate required per 
kgm of body weight 

When the unne becomes only faintly acid, boil the sample so 
that C0 2 is dnven off and bicarbonate becomes converted into 
carbonate If the boiled unne is alkaline to litmus, stop the 
bicarbonate 

Avoid giving bicarbonate once the urine has become alkaline, 
so as to run no nsk of senous alkalosis 

The method is trustworthy for showing the absence of acidosis, 
but if acidosis is present the test may indicate a more senous grade 
of acidosis than actually exists Normally 0 to 0 5 gm of 
bicarbonate per kgm will turn the unne alkaline Usually a total 
of 5 to 10 gm suffices, but for fuller data see the table on p 203 

References to and Notes on other Technical Methods 
General An extensive account of technique is given m Peters and 
Van Slyke’s Quantitative Clinical Chemistry , Vol II , and in Hawk and 
Bergcim’s Practical Physiological Chemistry, chapter on Respiratory 
Metabolism and Neutrality Regulation 

Alveolar C0 2 Haldane Pnestley Method Haldane, J S , and 
Pnestley, J G,) Physiol , 1905, 32, 225 Ilecent Advances in Medicine, 
Beaumont G E , and Dodds E C , chapter on Glycosuna and Diabetes 
Melhtus This is the most accurate method, hut necessitates skill m gas 
analysis 

Electrometric (Katharometer) Method Rabmowitclj, I M , and 
Bazin E V , Canad Med Ass J , 1926 16, 638 

Blood pH. This may be determined colonmetncally, elcctrometrically 
or indirectly from CO s tensions and volumes, using Hosselbaleh’a formula 
For references the reader is referred to Austin and Cullen’s book The 
following are additional references — 

Cole, S W , Practical Physiological Chemistry, Chapter I (Direct 
reading potentiometer) 

Kemdge, P T , Biochem J , 1925, 19, 611, and J Set Inst , 1926, 3, 
404 (G'ms electrode} 

Martin, C J , and Lepper, E H , Biochem J , 1926, 20, 37 (Micro 
method capillary blood) 

Meeker, G H , and Oser, B L , J Biol Ckem , 1926, 67, 307 (See 
also Hawk and Bergeim’s book ) 

Pope, C G , Bnt J Exper Path , 1928, 9, 225 (Simple electrometric 
comparator) 

Van Slyke, D D , Hastings, A B , Murray, C D , and Sendroy, J , 
J Biol Chem , 1925, 65, 701 

Alkali Reserve (Manometnc Method) Van Sfyke, D D, and 
Neill, J M , J Biol Chem , 1924, 61, 523, and Peters and Van Slyke’s 
second volume 

Plasma Bicarbonate (Titration Method) Van Slyke, D D , J Biol 
Chem ,1922 52,495 

Lepper, E H and Martin, C J , Biochem J , 1923, 19, 573 
Total Bases of Blood Van Sty kc, D D , Wu, H , and Maclean, F C , 
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J. Biol Chem , 1923, 56, 765 Stadie, W. C , and Ross, EC,J Biol 
Chem , 1925, 65, 735 Van filyfo, D D , Hiller, A , and Berth eJsen, X. C 
J. Biol Chem , 1927, 74, 659 

Ammonia Coefficient of Urine. Strictly speaking, determinations of 
(a) the total nitrogen (Kjeldahl method) and (6) the ammonia nitrogen 
(see books on Chemical Physiology) should be made The coefficient 
equals 

Ammonia N percentage 
Total N percentage * 

In clinical work an estimation of urea N is often substituted for total N 
because the technique for urea is so much Bimpler The coefficient then 
becomes 

Amm onia N percentage 
(Urea N + Ammonia hi) percentage * 

Since urea N generally forms 80 to 90 per cent of the total N, this method 
seldom introduces serious error If, however, high coefficients are 
obtained, the more accurate method should be used Normally'the 
coefficient is 3 to 5 per cent It is essential to preserve the urine efficiently 
(see Chapter XVI) If ammomacal decomposition of the twenty hours’ 
urine by organising is not prevented, absurdly high coefficients may easily 
be obtained 

Total Acid plus Ammonia in the 24-Hours’ Urine (Index of Acid 
Excretion ) Fitz, R , and Van SJyke, D D , J Bid Chem ,1917, 30, 389 
Van Slyke, D D , J Biol Chem , 1918, 33, 271 For interpretation of 
results see the table on p 203 

Total Organic Acids in Urine. Van Slyke D D , and Palmer, W W , 

J Biol Chem, , 1920, 41, 667 McCluskey, K L , J Biol Chem , 1931, 
90, 197 

Estimation of Acetone Bodies in Blood and m Urine. Van Sl> Le.D D , 

J Biol Chem , 1917, 32, 455 and 495, and 1929, 83, 415, and ui books 
on Physiological Chemistry, e g , Cole’s 
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CHAPTER X 

BLOOD AND ITS DERIVATIVES IN THE URINE 

Books and References The books on Physiological Chemistry, 
Clinical Pathology and so on mentioned at the beginning of previous 
chapters should be consulted but the writer has failed to find any one 
comprehensive account of methcemoglobmuria Methjemoglobm and 
sulphaemoglobin have recently been more fully studied m the blood, so 
to avoid repetition the references are given at the end of Chapter XVIII 
Congenital porphyria is exhaustively reviewed in Garrod s Inborn Errors 
of Metabolism to which the reader is referred for references The writer’s 
account is an extract of Garrod s excellent chapter Mackey and Garrod 
have published further observations ( Quart J Med , 1 926, 19, 357 , 
1936 29, 473) 

For a general discussion of the use of the spectroscope, and in 
particular its application to the study of blood and other pigments, see 
BlacMunn s The Spectroscope in Medicine and Spectrum Analysis applied 
to Biology and Medicine 

The relative value of clinical tests for blood in unno has been studied 
by Blocm (Biochem J , 1933, 27, 121) 

The discovery of proteinuria (Chapter III) led automatically to 
the study of unnary deposits (Chapter IV), and was extended by 
the application of renal efficiency tests (Chapter V) Similarly, 
reducing substances in the unne (Chapter VI) were followed by 
blood sugar tests (Chapters VII and VIII), and a consideration of 
ketosis, acidosis and alkalosis (Chapter IX) The next subject for 
discussion is the presence of blood and its derivatives in the urine 

As mentioned in Chapter II, blood will either be suspected from 
the colour of the urine, or haamatuna will be demonstrated by the 
finding of red blood corpuscles in the centrifuged deposit Routine 
tests for blood have been given in Chapter II, and means of 
identifying erythrocytes in Chapter JV 

Stress has already been laid on the fact that proteinuria must 
necessarily accompany hsematuna or hiemoglobmuria, and that an 
examination of the centrifuged deposit for red cells is a more 
delicate test for hsematuna than any chemical test Indeed, the 
writer has for several years discarded all chemical tests in favour 
of microscopical examination of the urrnary deposit (hajmatuna) 
or spectroscopical examination (hzemoglobimma) For other causes 
of red and allied colours see Chapter XI Methaunoglabm js a 
protein [cf Chapter XVIII) and so proteinuna must accompany 
meth'eraoglobmima, but the porphynns are not proteins (cf 
Chapter XVIII), and proteinuna does not, as a rule, accompany 
porphyrinuria 

In clinical work blood and its derivatives in the unne include 
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haamatuna, hemoglobinuria, methamioglobinuria and porphyrinuria 
Bilirubm is also a Incmoglobm derivative, but is considered more 
conveniently under bile in urine (Chapter XII) 

The direct vision spectroscope plays an important part in the 
detection of hemoglobin and its derivatives, and will now be 
described 


The Direct-Vision Spectroscope 

This is a most useful little instrument for clinical work It 
assists m the identification of a number of substances, particularly 
hemoglobin and its derivatives The larger angular vision 
spectrometer, though of more value in special investigations, is 
too elaborate and requires too much preparation for routine work. 

The instrument (Fig 45) is fitted with an adjustable eye piece, 
E, at one end and a movable sbt, S, at the other 1 It is advisable to 
employ daylight, so as to be able to “ place ” the absorption bands 
in relation to the Fraunhofer lines, as well as in relation to the 
different colours of the spectrum With the best types of direct 



Fio 45 Direct vision spectroscope. E. Eye pece 8 Milled edge tor 
adjusting abt C Cover 

vision spectroscope, supplied with a wave length scale, ifc is possible 
to obtain an approximate measurement of the wave lengths of the 
absorption bands, but for accurate measurements the larger 
spectrometer or a calibrated reversion spectroscope is required In 
routine work it is seldom necessary to make such measurements 


Instructions for Use 


(а) Place the eye piece E to the eye, and view a bright part of 
the sky, but avoid direct sunlight 

(б) Close the slit S and then open it slightly, so that the colours 
of the sun’s spectrum are just visible 

(c) Pull out or push m the eye piece E carefully until the colours 
become clear, and until a senes of vertical lines (Fraunhofer lines, 
see below) becomes sharply defined The instrument is then in 
proper focus 

Sometimes horizontal lines are visible These are due to specks 
of dust on the edges of the sbt If they are annoying open the 
sht just a tiny bit more If they do not disappear the slit requires 
cleaning with a fine camel hair brush or a piece of hard wood cut 
into a smooth thm wedge 


* Several firms supply a pocket spectroscope for students, costing 21* to • 2& 
This type of spectroscope is of the grating pattern so that the dispersion of t 
colours is a little different from that indicated m Figs 47 and 48 and it has a ni 
slit It is satisfactory for moat purposes 
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Bo not force the jaws of the slit apart roughly The milled 
edge requires just a slight gentle twist through a very few degrees 
The instrument is fairly delicate and will not stand rough handling 
(d) Place the solution to be examined m a test tube, or, better, 
m a glass vessel with parallel sides 1 For routine purposes an 
ordinary § in test tube, or a 1 in boiling tube, is quite satisfactory, 
but often a comcal unne receiver is the best of all because layers of 
different thickness may be examined 



Fia 46 The direct vision spectroscope m use The test tube is kept in 
position by resting it and the end of tho instrument against the tip of 
.dynJi 

With an ordinary test tube a thick layer may be viewed by 
placing the spectroscope vertically above tho tube, and looking down 
through the length of the tube which is held above an electric bulb 
This may usefully be practised as a routine but is especially valuable 
when the volume of solution is himted to some 5 to 10 cc (see 
Fig 46 a) 

(e) Place the tube in front of the slit A convenient method of 
resting it against the finger (fourth digit) is illustrated in Fig 46 
Look through the spectroscope and record tho position of the 
absorption bands (if any) m reference both to the colours of the 
spectrum and to the Fraunhofer lines 

1 Small glass cells of tl is tj pe and of varj w/j thicknesses are made by Messes 
T1 1 » Tintometer Ltd Milford Sal sbury 
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Charts showing absorption bands are illustrated in Pigs 47 and 
48 These charts have been specially drawn (approximately to 



0 

Fiq 46a Tube viewed from above to obtain a thicker layer 

scale) to illustrate what is visible m the clinical examination ot 
blood urine or fasces using a direct vision prismatic spectroscope 
and represent the relative position of the bands as seen The 
vertical lines (Fraunhofer lines) in the s tin’s spectrum are duo to 
absorption of light by different elements in the sun’s atmosphere, 
and are given below 


Wave lengths of Fraunhofer Lines (in tenth metres ) 


Line 

T»rt of Speotrun 

Element to vhich Line 
correspond* 

V »ve lenfrti » OUji 

B 

Bed 

Oxygen 

6 867 

C 

Hed 

Hydrogen , 

6 563 

D 

Orange 

Sodium 

5 896 and 6 890 

E 

Green 

Iron and calcium 

6 270 

b 

Green 

Magnesium 

5184 

F 

Blue 

Hydrogen 

4 861 

G 

Violet 

Iron and calcium 

4 308 
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B and G are easily seen, or are seen with difficulty or are not 
visible according to the efficiency of the spectroscope G, F and b 
are the thickest lines, D is nearly as thick, and E, C and B are about 
equally thin 

Wave lengths (X) are usually expressed m “ tenth metres ” 
(10~ 10 m ) or in Angstrom units An AngstrOm unit (A) is very 
nearly equivalent to 1 tenth metre, and is generally regarded in 
practice as the same Sometimes the wave lengths are given in 
terms of 10 -9 m , = 10~ 8 mm , = m/t Thus the a band (nearer 
the D line) of oxyhaemoglobin has its centre at A = 5,780 tenth- 
metres (or A), or A = 578m/x (see table on p 315) The absorption 
bands are lettered a 0, y, 8 from the left or red end progressively 
to the right or violet end 

If direct examination of the urine shows no absorption bands, 
examination of an amyl alcohol extract after acidification of the 
urine with acetic acid may he more successful, but care is then 
necessary m interpreting the results since some pigments may be 
so concentrated thereby that even normal amounts may yield 
absorption bands (see under descriptions of individual pigments) 
It should be mentioned also that the use of different solvents may 
shift sbghtly the position of the bands 

Hsematuna 

The causes of hcematuria are numerous and are full} described 
m the text books of medicine and surgery Clinically it is nnportant 
to decide whether the hmmatnna is accidental due to contamination 
and particularly by the menses or true, due to red cells passing into' 
the urine from some part of the urinary tract 

The haematuria may be microscopic not enough red cells in 
suspension to make the colour abnormal, or macroscopic when the 
mixed unne is red, pale red or smoky Obviously the intensity of 
colour depends on the thickness of the layer examined , unne 
definitely red m hulk, as in a Winchester quart bottle, may be 
normal in colour when viewed in a test tube Agam, a ^ in thickness 
of urine m a tube may be normally coloured, but when 10 cc are 
centrifuged red cells may be obvious to the unaided eye as a ^ 
deposit This may be illustrated by diluting 1 cc of normal blood 
to between 5 000 and 50,000 c c with normal urine ' 

Lastly, centrifuging maj yield a deposit which is not tfd t f 
which contains red cells in amounts which are easily seen under 
microscope This may be illustrated bj diluting 1 c c of 
blood to between 100,000 and 600 000 cc with norma] c-wT 
Bloem has confirmed the statement that the most satisfacfc-rfl 
for Vematuria is the microscopical examination of the cen<r—r , 
deposit ““ged 

It is not a common practice to use the spectroscope j . 
heematuna but if the red cells are suspended evenly * 

this instrument will show both the « and bands of 
m a lajer 1 in thick when 1 c c of normal blood is dilnf^T. 

1,250 c c with normal urine If a sample of mixed 

^ dm. 
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thick or less) is red, and the bands o£ oxyhemoglobin are not visible, 
the red colour cannot be due to oxyhemoglobin. 

The chemical catalytic testa are more sensitive than the 
Spectroscopic test as above defined, but are not nearly so sensitive 
as the microscopical examination of the centrifuged deposit for red 
cells, and are not specific. As commonly performed in clinical 
work, the reduced phenolphthalein and pyramidone tests (c/. 
Chapter II) are just positive when 1 c c. of normal blood is diluted 
to about 4,000 c c. with normal urine. 


• Notes on Fia. 47 

The wavelengths of the Fraunhofer lines, B to G, are given m the table on p 210 
The wavelengths of the absorption bands m Fig. 47 are recorded on p 315. 

Oxyhccmoglobm and Carboxyhcsmoglobtn. When in more concentrated solutions 
the « and /? bands ore fused, and when still more concentrated only the red part of 
the spectrum is visible 

Methcemoglobm. In a slightly more concentrated solution the y and 8 bands 
cannot be distinguished, and arc fused with the general absorption of the violet 
In laked blood, owing to the presence of oxyhaemoglobin, only the a bond of 
roetluemoglobm is visible in a manner similar to that illustrated for sulphaemoglobin 
Alkaline Methcemoglobm In a more dilute solution only the p and y bands jn 
tlio green are seen 

Sulphcemoglobm alone in water shows, in addition to the a band, two bands 
p and y m the green (c/ tables below and on p 315) 

Porphyrins (all and acid ) These are group spectra There are small differences 
m the positions of the bands of the different porphyrins (c/. p 315) 

It is of material assistance in the recognition of the above spectra, and when 
converting one derivative into another, to know the relative intensities of the 
absorption bands Thus, that oxyluemoglobm is present in addition to 
methjcmoglobin can be deduced from the observation that the fi and y bands are 
•more intense, relative to the a band, than would be tlie case for meUncmoglobin 
alone Again, a dilute solution which initially shows tho two bands of 
oxyhemoglobin after reduction may give no band at all, becauso the intensity of 
the band of reduced haemoglobin is much less than that of the oxyhemoglobin bands 
Bloem’s results, in which the intensity of the a band of oxy hemoglobin is taken 
as the standard and is called 100, are as follows « — 


Relative intensities ( approximate ) of absorption bands of 
haemoglobin derivatives (a band of oxyhatmoglobm = 100). 


Absorption band 
Oxy haemoglobin 
Carboxy haemoglobin 
Sulphaemoglobin 
Reduced haemoglobin 
Metbaemoglobin 
Acid haematm 
Alkaline haematm 
Haemochromogen 
Acid porphyrin 
Alkaline porphyrin 


100 

63 

10 

10 

9 


P 

57 

45 

35 

5 

2 


3 

173 

14 

7 


25 

47 

13 


y 8 

16 — 

~7 T 

6 T 


20 T 


Hemoglobinuria 

In the great majority of instances hemoglobin gains access to 
the urine enclosed m red corpuscles (luematuria), ie, there is 
hemorrhage of greater or less extent into some part of the urmarj 
passages. In a few conditions, notably paroxysmal hemoglobinuria. 
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Fio 47. Absorption spectra of haemoglobin and its derivatives. 
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blaekwater fever, and after the transfusion of incompatible blood, 
hemoglobin is liberated into the plasma {hemoglobmemia, see 
Chapter XVIII), and is then excreted by the kidneys in solution 
(hemoglobinuria ) 

“ False hemoglobinuria ” may result from urine containing 
red cells being allowed to stand for some time Some of the 
erythrocytes become ruptured, with consequent liberation of their 
contents This may be due to hemolysins or to alteration of the 
reaction of the urine owing to bactenal decomposition At any rate, 
fresh urine is usually not sufficiently hypertonic or hypotonic to 
cause rupture of red cells, though it may cause shrinkage and 
crenation, or swelling with loss of the double contour (c/ Chapter IV) 

Depending on the amount of hemoglobin, the urrne may be 
obviously red, or of a “ smoky ’ tint, or apparently normal m 
colour Haemoglobin is readily detected by the characteristic 
spectrum of oxyhemoglobin (Fig 47) If the urine is red, and 
this spectrum is not visible on examination with a spectroscope, it 
is certain that the red colour is not due to haemoglobin If no 
absorption bands are seen when a layer, 3 m or 4 in thick, of urine 
which has been cleared by centrifuging is examined, no significant 
degree of hemoglobinuria is present 

Methsemoglobmuna 

Methemoglo binuna may be “ true ” or “ false ” Almost any 
acid urine containing oxyhemoglobin will, after standing for some 
time, show the absorption bands of methemoglobin True 
methemoglobinuna may occur m any of the conditions m winch 
methemoglobin is found in the plasma It has been reported in 
severe toxic or septicemic conditions where jt may be marked, in 
phenylhydrazme poisoning, in blackwater fever, after the transfusion 
of incompatible blood, and in some cases of paroxysmal hemo 
globinuna (c/ Chapter XVIII) 

The unne is brown, pale brown, or of normal colour, depending 
on the concentration of the pigment The diagnosis depends on 
observation of the absorption spectrum (Fig 47) and the action of 
reducing agents, or of alkali on that spectrum The absorption 
bands are not intense ( cf p 212), and unless a thick layer is viewed 
it may he difficult to see the characteristic bands even though the 
urme is brownish It is recommended that a 4 m layer be examined 
before declaring that methzemoglobin is absent Using aim 
thickness, Bloem could just detect all four bands when the urine 
contained about Oil gm per 100 c c The a band w the red is the 
most characteristic, and is removed by the follow mg chemical 
treatment "With reducing agents (yellow ammonium sulphide, 
Stokes’ reagent or solid sodium hydrosulphite, Na 2 S 2 0 4 ) the spectrum 
of mcthjemoglobm is replaced first by that of oxyhaemoglobm and 
then by that of reduced haemoglobin 

If the original urme is made alkaline with concentrated ammonia, 
alkaline methaimoglobin is formed which has two bands in the green 
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and no band in the red 1 , the positions of the two bands {£, y) 
closely resemble those of oxyhemoglobin, but the y band is the more 
intense (Fig 47) , it is important to remember this if the original 
urine is already alkaline 

Sulphsemoglobmuria 

Theoretically sulphEemoglobin might be excreted in the urine w 
those cases (ancerobic sepsis) in which sulphsemoglobm occurs in 
the plasma (see Chapter XVlII), but the writer knows of no record 
of euch a case 

In a case of gross methaimoglobinuria due to septicaemia 
(B Wdckti), the writer noted, that on adding ammonium sulphide 
to the urine, the band m the red disappeared in the usual way, but 
that another weak band appeared m the red in the position of the 
sulphsemoglobin band Professor Snapper in a personal com 
mumcation confirms this, and informs mo that it is not very rare 
in cases of methsemoglobmuria to convert some of the methzemo- 
globin mto sulphsemoglobin by this treatment 

Porphyrinuria 

There are two porphyrins which may occur in urine, uroporphyrin 
and copro or stereo porphyrin The spectra of the two are very 
similar and can only be differentiated by a refined technique 
Protoporphyrin, prepared from blood, likewise is very similar spectro 
scopically (for the wavelengths of the bands of the three porphyrins 
see table on p 315), and the three cannot be differentiated by the 
simple direct vision spectroscope, so that a “ group spectrum,” 
alkaline or acid, is illustrated in Fig 47 

Porphyrin (coproporphyrm) occurs normally in traces insufficient 
to affect the colour of the unne, or to yield an absorption spectrum 
A slight increase over the normal trace, with no effect on the urinary 
colour, occurs in many diseases, but will not be considered here 
(cf p 220) 

"When present m gross quantities porphyrins make the urino 
dark port wine in colour 

A mixture of methsemoglobin and oxyhremoglobm also may 
impart a port w me colour, but is easily differentiated by the 
spectroscopical changes on adding a reducing agent (Methb —*■ 
Hb0 2 — > Hb , porphyrin unaffected) or a mineral acid (Methb 
and Hb0 2 — > acid hsematm , alkaline — > acid porpbyrm) 

The porphyrins may be precipitated from urine by treating 
each 100 c c with 5 c c of glacial acetic acid, and allowing the 
mixture to stand They are excreted as alkaline porphyrins (Tig 47), 
and continue to give the spectrum of the alkaline pigments when 
treated with acetic acid, but yield acid porphyrins with hydrochloric 
acid (Fig 47) Sometimes the original urine shows an atypical 
two banded spectrum, veiy similar to that of oxyhemoglobin 

1 In relatively concentrated solution alkaline methasmoglobm shows eiao » 
poorly defined band {«) at the junction of the red and orange (Fig 47) for toe 
wavelengths of these bands see p 3 IS 
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This may be due to the porphyrin being in the form of a 
metal complex (two banded or metallic 1 . spectrum of Stokvis, 
Hammarsten, and Garrod), but it should be remembered that a 
somewhat Bimilar spectroscopic appearance is seen on examining 
a solution so dilute that the least intense (c/ p 212) a band is not, 
but the other bands are visible (Bloem) As a routine, therefore, 
before concluding that porphyrin is absent, the urine should be 
acidified with acetic acid and extracted with amyl alcohol, after 
which the extract is acidified with HC1 and examined spectro 
scopically as described in detail below 

Porphyrinuria occurs m pathological amounts m three mam 
classes of patient (a) those susceptible to certain drugs, viz , 
sulphonal, tnonal, veronal, etc , (6) those with the inborn error of 
metabolism, " congenital porphyrinuria*’ , (c) those with acute 
idiopathic porphynnuna not due to drugs 

Sulphonal and! its allies bare been used extensively as hypnotics, 
particularly in asylum practice, but porphynnuna from their use is 
uncommon Moreover, some patients tolerate large doses over 
long periods, whereas others develop the urinary condition after 
doses well within the therapeutic range There would appear, 
therefore, to be a peculiar sensitivity to the drug m these cases 
The porphynnuna as a rule only develops after treatment has 
lasted several weeks or months The porphynn in the nnne is 
uroporphyrin C 40 N 3s N 4 O ia 

Congenital porphynnuna or porphyria, probably present at 
birth, is very rare The porphyrin sensitises the patient to light, 
with the result that hydroa sestivale occurs on the exposed parts, 
and this may lead m time to extensive scarring The parts covered 
with hair escape, and in some patients marked hirsutes develops 
Not all cases Of hydroa £estivale, however, have been shown to have 
porphynnuna, and not all cases of porphynnuna develop hydroa 
Loss of nails, deformities of the hands, nose and ears, and 
blindness may follow The pigment is deposited in the bones and 
in the teeth in some cases, and transillummation of the hands may 
prove a useful method in diagnosis Fischer found that the chief 
porphynn m the unne (uroporphyrin C 40 H 38 N 4 0 lt about 0 3 gm 
daily) differed from that in the fieces (stercoporphynn 
about 0 l gm daily) The unne might contain a little stereo 
porphynn as well as uroporphyrin, but the fasces contained only 
stercoporphynn The porphyrins nowadays are regarded as inter- 
mediate products in the building up of haemoglobin, and the 
lack of an enzyme responsible for one of tbe stages of this synthesis 
may bo the cause of congenital porphyria Alternatively, as Fischer 
suggests, the porphyrins may be regarded as vestigial, copro- 
porphynn being very widespread in the animal and vegetable 
kingdoms In Fischer's view thej are not derived from hemoglobin 
Fischer found that uroporphyrin was more toxic, but that 
stercoporphynn induced greater sensitiveness to light On this 

1 A similar e pact rum is obtained by treating a solution of a porphynn with 
zmo clilonde and ammonia 
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hypothesis it becomes important to examine the faeces for excess of 
porphyrin in hydroa The pigment may exist m urine and faeces 
as a colourless chromogen, porphyrinogen, which can be converted 
into the porphyrin in a few minutes by heating at 100° C, or slowly 
by the action of light This may be one explanation of the 
intermittent appearance of the porphyrins m the excreta, but it 
requires further investigation 

When urine containing porphyrin is exammed with filtered 
ultra violet rays it shows a beautiful pink fluorescence Mackey 
and Garrod found that the teeth of their patient (with pink, teeth) 
shone out with a brilliant pink light when brought mto the path of 
the ultra violet rays, and they record other interesting observations 
with the fluorescence test on the sections of the teeth 

Simple Clinical Tests for Porphyrinuria. 

(а) Examine the unne spectroscopically for alkaline porphyrin 
Make the unne strongly acid to litmus by adding a few drops of 
concentrated HC1, and examine for the absorption bands of acid 
porphyrin (Fig 47) This test will often suffice in urines of a port 
Wine colour, but n ill generally not detect porphyrin in unnes not 
abnormal in colour unless a very thick layer of urine be exammed 
Gunther suggests that if a layer 2 in thick shows the bands of acid 
porphyrin, a pathological amount of the pigment is present 

(б) In a centrifuge tube place about 15 c c of urine, a few drops 
of glacial acetic acid so as to make the reaction strongly acid to 
litmus, and about 5 c c of amyl alcohol Mix well and centrifuge 
Examine the amyl alcohol layer for the absorption bands of alkaline 
porphyrin Separate the amyhc extract and to it add 1 or 2 drops 
of concentrated HC1 Shake and examine for the bands of acid 
porphyrin, which are about twice as intense as tho^e of alkaline 
porphynn (c/ p 212) 

The amyhc extract must be separated before adding HCI, 
otherwise the acid porphyrin will pass into the aqueous layer 
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URINES ABNORMAL IN COLOUR. DRUGS 
IN URINE 

Books, etc. Descriptions of the substances responsible for abnormal 
colours of the urine are scattered through the textbooks of chemical 
physiology, clinical pathology, chemical pathology and medicine, but in 
no single book is there a really comprehensive account The maximum 
information may be obtained from Garrod’s publications (e g , Edm 
Med J , 1897, 2, 105, Lancet, 1900, u , 1323) In Dixon Mann’s 
Physiology and Pathology of the Unne (London, 1904) there is a good 
chapter on uncommon adventitious pigments and drugs in the urine, 
part of which the writer has abstracted 

For fuller accounts of drugs and poisons in urine the reader is referred 
to the standard works on Pharmacology, and Forensic Medicine and 
Toxicology, together with the more clinical books referred to above 
Wynter Blyth’s Poisons Their Effects and Detection, and Autenrieth’s 
Laboratory Manual for the Detection of Poisons and Powerful Drugs 
(translated by W H Warren), may especially be recommended In the 
following account, the discussion has been confined to simple tests and 
the points of clinical importance in dealing with material obtained 
during life « 

The various substances and conditions which may cause the 
unne to depart from the normal amber colour are listed below 
These may be grouped under thc r following headings — 

(а) Physiological vanations m colour 

(б) Blood and its denvatives, which have already been discussed 
in Chapter X 

(c) Bile pigments and urobilin These will be reviewed in 
Chapter XU 

(<Z) Miscellaneous pathological conditions 

(e) Drugs, which will be considered m the second part of this 
chapter 

Colours of Urtne 

Colour Causes 

Amber Normal 

Nearlj colourless Largo fluid intake Reduction of perspiration 

Chronic nephritis (interstitial) 

Untreated diabetes melhtua 

Diabetes insipidus 

Alcohol diuretics said nervousness 

Orange. Concentrated unne (restricted fluid intake , sweating) 

Fevers 

Urobilin 

Small quantities of bilo pigments 
Vgtidtvaa and allied drugs 

Orange reddish broum Certain drugs (rhubarb, senna) 

Dari broom Altered blow! (methsemoglobmuna, false and truej 

FbenoUc drugs (phenol, c resol, phenylhydraime) 

817 
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Causes 

Blood 

Fyranadone (amidopyrine) r 

Pyridiuro Neotropra ProntosiL 
Aniline dyes (sweets) 

Beetroot (anthocyanmuna) 

Phenol red and phenolphthalem (purgen) in alkaline urine. 
Poiphynn e g , sulphonal congenital porphyria 
Mixture of met hemoglobin and oxyhamoglobm 
Much hemoglobin 

Marked carboluna and Jvsol poisoning 
Melanin 
Alkaptonuria 
Bite pigments 
Methylene blue 
Ihdigo carmine 

Carbolic acid guaiacol santonin 
Flavine (bladder wash out) 

Methylene blue 
Indigo blue. 

THE PIGMENTS OF NORMAL URINE 
Uroclirome is the chief pigment, and is responsible for most if 
not all the yellow colour of normal urine It yields no absorption 
band In addition, normal urrne contains traces of urobilinogen 
coproporphynn, and possibly uroerythnn Urobilinogen is the 
colourless chromogen of urobilin On exposure to light and air 
it changes into urobilin, and in concentrated unnes (e g , alter 
sweating) it is possible that this change may, m part at any rate, 
be responsible for the slight intensification of the colour of the unne 
on standing Coproporphynn and uroerythnn occur m such email 
traces that they probably do not contnbute at all to the colour of 
normal unne (Garrod, 1900) There may be a minute trace of 
bilirubin (see p 236) 

PHYSIOLOGICAL VARIATIONS IN COLOUR 
The unne may be pale or almost colourless, owing to the intake 
of large volumes of fluid or to the reduction of perspiration on a 
cold day 

It may be deeper in colour, more orange than the average normal 
owing to copious sweating or to reduction of fluid intake Such a 
unne is frequently referred to as “ concentrated ** 

The unne of healthy individuals may exhibit unusual yellow, 
orange, or reddish tints, owing to the ingestion of sweets coloured 
with aniline dyes, or other pigments Unnes containing such dyes 
or their products may exhibit colour changes on the addition of 
acid or alkali In other words, the colouring matter of sweets, or 
their excretory products, may act as indicators In clinical work 
when such colour changes are noted, the simplest procedure is to 
make inquiries as to the ingestion of sweets, etc , and then to 
observe the effect of stopping the ingestion of the suspected article 
on the colour of the urine Sometimes a solution of the sweet w 
water may give the same colour changes, on addition of acid or 
alkali, as the unne itself But in other cases the dye is altered in its 
passage through the body, and the colour changes in the unno are 


21S 

Colour 

Red 

Purple red 
Pori unne 

Brownish black 

Greenish 

Blue 
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due to this altered product, and not to the dye originally ingested 
Obviously in that case chemical tests on a solution of the sweet 
may be misleading or of no value The observer may be able to 
reproduce the unusual colour in his own urine by ingestion of the 
suspected article, and to make experiments accordingly, but not 
uncommonly, in the writer’s experience, this fails, owing either to 
the difficulties of reproducing the conditions existing lor the 
“ patient,” or to the presence of some unknown peculiarity m the 
“ patient’s ” intestinal absorption, or metabolism, and so on 

Eosm is an example It imparts to the unne a pinkish red tint 
with a green fluorescence It may be extracted with amyl alcohol 
The extract gives an absorption band in the green extending from 
half way between D and E up to E In the original unne, if there 
is a sufficient concentration of eosin, the band is nearer the violet 
and lies between E and 6, slightly overlapping both lines (Fig 48) 
On adding a few drops of 10 per cent v/v HC1 to the amylic extract 
or unne, the colour and the absorption band disappear, to reappear 
on making alkaline with NaOH 

Veiy occasionally the ingestion of common articles of diet 
(beetroot, bilberries blachbemes, etc ) lead to peculiar colours of 
the unne Anthocyamnuria, due to the ingestion of red beet (cf 
Poole) is an example The wnter observed a case m a boy of seven 
(with diabetes mellitus) due to beetroot The fresh unne was acid 
and was orange pink It turned canary yellow when made alkaline 
with sodium hydroxide, to become pink again when mide acid with 
HC1 Spectroscopically it showed no absorption bands, and con 
tamed no red cells and no hemoglobin On discontinuing the 
beetroot the pink colour stopped, to reappear after giving beetroot 
again A dilute watery extract of beetroot gave similar colour 
changes with alkali and acid The pigment was not extracted from 
the unne by amyl alcohol 

COLOUR CHANCES DUE TO MISCELLANEOUS PATHOLOGICAL 
CONDITIONS 

The unne is pale or almost colourless in untreated diabetes 
mellitus, chrome interstitial nephritis, and diabetes insipidus In 
untreated diabetes mellitus the specific gravity is high [eg , 1,025 
to 1,040) whereas m the other two diseases it is low (e g , 1,002 to 
1,010) The same dilution of pigment may occur in any of the 
causes of polyuria, such as that due to alcohol, diuretics and nervous 
excitement 

The unne is often more deeply pigmented in disease than 
normally, simply owing to concentration This may be duo to a 
variety of causes, restricted intake of fluid duo to anorexia 
increased sweating as in fevers, poor circulation as m heart disease 
and so on A combination of two or more of these factors may 
exist 

The deeper pigmentation may be due to increased excretion of 
uroclirorae, or of urochrome plus one or more of the other three 
true urinary pigments, viz , urobilin, porphyrin and uroerythnn. 
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Thus, in severe liver diseases (carcinoma, cirrhosis, lead poisoning), 
the excretion of all four may be increased Fresh normal unne 
shows no absorption bands on direct spectrogcopical examination, 
but in any condition in which urobihnuria occurs the band of 
urobilin may be visible either in the fresh urine or after treatment 
with hydrochloric acid (see Chapter XII) Urochrome gives no 
absorption bands Porphyrinuria has been discussed in Chapter X. 
In " concentrated urines " it rarely, if ever, happens that the 
porphyrin is in sufficient concentration to yield absorption bands, 
and even in severe liver disease it is unusual to observe the 
absorption bands of (alkaline) porphynn on direct examination 
Uroerythrin is often visible in concentrated urines, since it stains 
the amorphous urates with which it is deposited pink (“ bnck-dust 
deposit “) If such a deposit is filtered, the precipitate on the filter 
paper turns green on making it alkaline by adding a few drops of 
sodium hydroxide solution (10 to 40 per cent ) The pigment is 
readily extracted by amyl alcohol, and the solution exhibits two 
rather indefinite absorption bands (Fig 48) Uroerythrin in 
suspension in unne, or in pink urate sediments, gives a single band 
in the green close to the D line Considerable quantities of 
uroerythrin are often excreted m gross liver diseases (new growth, 
cirrhosis, lead poisoning, etc ), and this pigment is often responsible 
for the deep reddish orange colour of highly pigmented pathological 
urines 

Garrod (1897) says that it is often possible to recognise the 
superimposed spectra of urobilin, porphynn (alkaline) and 
uroerythrin in amyl alcohol extracts of highly coloured urines A 
few hours of exposure to bnght daybght suffices to remove both 
the colour and the band of uroerythrin, wherefore the bands of 
the other two pigments become clearer If a few drops of 
concentrated hydrochloric acid are then added, the spectrum of 
alkalme porphynn changes to that of acid porphyrin, leaving the 
urobilin band unaltered 

Nearly all urines become more pigmented and general!} turn 
reddish when treated with mineral acid (e g , about 1 c c of 
concentrated HC1 to about 5 c c of unne), and particular!} if 
warmed This charge in colour is due to the formation of pigments 
from chromogens Several examples have already been gi\ cn (c 9 > 
urobilinogen to urobilin), but probably the most potent cause of 
the colour intensification and especially of the development of a 
reddish tint is the formation of urorosem from its chromogen Id 
P limmer’s Practical Organic and Biochemistry it is stated that 
urorosem is probably nitrosoindole acetic acid, that fresh urine'* 
require the addition t)f a little nitrite solution as well as HC /, hut 
that stale unnes give the reaction with HC1 only This pigment 
is not extracted from acid urine by chloroform, whereas indigo bln® 
and indigo red are , all three are extracted from acid unne 1>> am} * 
alcohol Urorosem shows an absorption band in the green (Fig 4°) 

Its chromogen is probably of intestinal origin, and is possibly indole- 
acetic acid, as impbed above 
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In infants and children the urme may become abnormal m 
colour (bright yellow, pink, red, green etc ) as a result of sucking or 
chewing clothes, toys, water colour paints and so on Thus Faugh fc 
has reported a case of greenish blue urine, due to chewing a blue 
blotter (probably dyed with methylene blue) 

The brownish black unne of alkaptonurics has been described 
in Chapter VI , urine may acquire a bluish tint from indigo-blue 
in mdicanuna (see Chapters IV and XIV) 

Melanogenuna and Melanuria 

When there are extensive secondary deposits of melanotic 
sarcoma in the liver, melanogen, the colourless chromogen of 
melanin, is excreted in the urine The primary melanotic growth 
may be situated in the eye or in the skin, or occasionally in the 
internal organs Melanogenuna, however, does not occur, or, at 
any rate, cannot readily be detected in the early primary stages of 
the disease [cf Garrod, 1902) The interval between the surgical 
removal of the primary focus and the secondary involvement of the 
liver may be a long one Intervals of a few months up to twenty 
years have been reported For this reason, as pointed out to me by 
Dr G Graham, the urme of a patient who has had an eye removed, 
and who has an enlarged liver, should always be tested for 
melanogen 

Cases have been reported (cf Haden and Orr, and Peters) in 
which there is melanogen m the urine, but no melanotic growth in 
the body, but these are -very rare and in not a few it is doubtful if 
melanogen was really present If clinically there is evidence of a 
primary malignant growth and enlargement of the liver is found, 
the finding of melanogenuna is diagnostic 

The fresh unne is usually normal m colour , at any rate, it is 
not dark, because melanogen and not melanin is excreted On 
standing the urine darkens (from above downwards if undisturbed) 
owing to the oxidation by air of the melanogen to melanin This 
oxidation occurs slowly, and the urine does not become dark until 
it has stood overnight, or for twenty four hours or longer Hence, 
it often happens that the presence of melanogen is not suspected 
from the appearance of the unne “ Melanogenuna ” is therefore 
stnctly the better term, but *' melatiuna ” lias long been applied in 
cluneal work 

There are two mam groups of cliemicaj tests for melanogen In 
the first an oxidising agent is used which would change melanogen 
to melanin and the resultant darkening of tho unne is taken as 
evidence of the presence of melanogen In the second, use is made 
of tho reducing action of melanogen The oxidising agents commonly 
employed are feme chloride, mtnc acid, bromine water and 
potassium chlorate with HC1 Unne containing melanogen reduces 
sodium mtroprusside to feme ferrocyanide (Thormahlen reaction), 
and may reduce ammomacal silver nitrate in the cold It may also 
give Ehrlich's reaction with p -dimethyl am inobenzatdehj de, a red 
colour with sodium nitnto and HCI, and a diazo reaction (Eppinger) 
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Professor H S Paper, in a personal communication, informs 
me that the substance responsible for the ferric chloride reaction 
can be separated from the substance giving the Thormahien 
(mtroprusside) reaction Tins is interesting because it has been 
claimed (c/ Von Jaksch) that urines not containing melanogen may 
very occasionally give a positive Thormahien test The writer lias 
tested many pathological urines, but so far has never obtained a 
positive Thormahien reaction except in melanogenuna His present 
conclusion is that if both the feme chloride test and the mtroprusside 
reaction are positive, it is 6afe to diagnose melanogenuna 

When the concentration of melanogen in the urine is con 
siderable, all the above mentioned reactions will be obtained, and 
the diagnosis is certain Indeed, m such cases, on boiling the 
urine with Benedict’s reagent, a peculiar green black precipitate, 
or with Fehlmg’s solution a grey black precipitate, may be obtained, 
and, when performing Rothera’s test for acetone bodies, the urine 
may become blue black These reactions with Benedict’s, Folding's 
and Rothera’s reagents, however, only occur m the terminal stages 
of the disease, and when melanogenuna is intense 

When the concentration of melanogen is small, both the nitric 
acid and bromine water tests are negative, and the unne does not 


Test. 


JUWapton Urine 


Urine Containing Melanogen 


Exposure to air 

Addition of excess of 
alkali (e g NaOH) 
Addition of excess of 
acid (o g HC1) 
Boded with Bonedict s 
reagent 


Boiled with Fehimg s 
reagent 

Silver nitrate alone 


Ammomaesl silver 
nitrate 


Feme chloride 


Darkens slowly from 
abovo downwards 

Darkens in few seconds 

: No appreciable darken 
I »"g 

Turns greenish black 
Precipitate at first 
I dirty brown, later 
yellow 

Turns black Frecipt 
tato at first greyish 
black later red 

Turns black in few 
seconds often with 
blue sheen (colloidal 
silver) 

Turns black at onco I 


Transient green or blue 
with each drop No 
darkening oven with 


Darkens slowly from 
above downwards 

Does not darken appre 
ciably 

Darkens slowly 

No change or green 
black precipitate 

(much molanogen) 

No change, or greyish, 
black precipitate 

(much melanogen) 

No change, or very 
slowly turns brown 

(much melanogen) 

No change or sfowiy 
turns brown and thou 
black (much roclano 
gen) 

Chongos to brown or 
black No transient 
green or bluO 


Bromine water 


No chango 


Thormahien s nitro 
pros side reaction 


Negative 


No chango, or gives 
grey black of block 
precipitate (much 
melanogen) 

No change, or brown to 
black (much molano 
gen) 

Positive Turns blue or 
green 
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reduce ammomacal silver nitrate The ferric chloride and 
Thormahlen reactions are the most sensitive and are recommended 
for routine use 

All the tests are for melanogen and not for melanin If, therefore, 
the unne has been allowed to stand for a considerable time and the 
melanogen has all been oxidised, the tests will be negative 

Once the characteristic reactions have been observed, mistakes 
are not likely to be made, but the condition is rare Darkening on 
addition of oxidising agents may occur if there is gross mdicanuna, 
or if the urine contains an abundance of pigment (urobilin, 
uroerythrm, etc ) and chromogens as in advanced liver disease 
or if the unne of a patient who has been taking certain drugs 
(particularly phenyl derivatives) 13 examined In these cases, 
however, the Thormahlen reaction will be negative 

Alkapton unne (Chapter VI) behaves m many ways similarly 
to urine containing melanogen, but the ferric chloride and 
Thormahlen reactions will readily differentiate the two conditions, 
as will be seen from the comparison of tests (Harrison) on p 222 
Urine containing melanogen may bo preserved for weeks or 
months by adding HjSOj (saturated S0 3 solution) to the extent of 
1 per cent (H S Raper, personal communication) The preservative 
does not interfere with the Thormahlen reaction 

Lmnell and Raper have shown that the chromogen of melanuna 
is probably either an ethereal sulphate or a glycuronate of 5 6 
dihydroxymdole 


Tests for Melanogen in Urine 

Ferric Chloride Reaction To about 5 c c (1 in column) of 
unne in a test tube add 10 per cent feme chloride drop by drop 
At first a precipitate of phosphates will form, and this may carry 
down with it the melanin formed by oxidation of melanogen The 
precipitate will therefore be brown, grey or black On further 
addition of feme chloride the phosphates will redissolve owing to 
the acidity of the reagent, leaving a slightly turbid mixture, which 
will be brown, brown black, or black, depending on the concentration 
of the melanin 

Feme Chloride in HCI Test 'lb a 6 out 5 c c of urine add about 
3 c c of 10 per cent feme chloride in 10 per cent v/v HC1 The 
urine will turn brown, brown black or black. There will be no 
precipitate of phosphates The colour is often darker than in the 
first test, and this modification is particularly useful when the 
quantity of melanogen is small 

ThormShlen’s Nitroprusside Reaction Prepare a fresh solution 
of sodium nitroprusside by shaking up a few crystals in about 
30 c c of water To about 5 cc of urine add 3 or 4 drops of tho 
nitroprusside solution, and 10 to 12 drops (0 5 c c ) of 40 per cent 
sodium hydroxide until the mixture is stronglj alkaline, and shake 
Then add a few e c of 33 per cent acetic acid (without heating) so 
that the mixture is acid If melanogen is present the mixture will 
become blue to blue black, depending on the concentration of the 
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melanogen The blue colour is due to the formation of Prussian 
blue If the urine is highly pigmented, the colour may be deep 
green instead of blue 

The technique is essentially the same as m Legal’s test for 
acetone and aceto acetic acid (p 175) On making alkaline with 
NaOH, acetone, aceto acetic acid and creatinine give a deep ruby red 
colour, but on acidification acetone and aceto acetic acid give a 
purple red, and creatinine a dirty brown colour which only becomes 
green on warming 

With a negative urine the final mixture is amber or pale brown, 
but may have a slight greenish tint which must not be confused 
with the deep green (or blue) of a positive reaction It is wise to 
make control observations on normal urines if there is any doubt 
whether a patient’s urine is positive 

Reduction of Silver Nitrate in the Cold To about 5 c c of 3 per 
cent silver nitrate add about 0 5 c c of urine, and 2 per cent v/v 
ammonia, drop by drop till most of the precipitate redissolves If 
the mixture darkens before the precipitate has redissolvcd, 6top 
adding the ammonia solution 

Normal urine treated in this way will remain practically 
colourless, or will turn brownish When melanogenuria is intense 
the mixture rather slowly turns brown and then black When 
there is little melanogen the reaction is negative Other substances 
besides melanogen (e g , homogentisic acid) will reduce silver nitrate 
in the cold 

Bromine Test. To about 5 c c of urine add bromine water 
drop by drop When there is much melanogen a black or grey black 
precipitate will form If there is little melanogen, the precipitate 
(if any) will be white or brownish white, but will not darken 

Nitric Acid Test To about 5 c c of urine add a few drops of 
concentrated nitric acid Either no appreciable darkening, or a 
deep brown, or a black colour, will result, depending on the amount 
of melanogen The test is not so sensitive as the feme chloride 
reaction 

Helman's Test. To make sure that the darkening with oxidising 
agents is due to melanin proceed as follows — 

To 20 c c or more of urine add cautiously 10 per cent ferric 
chloride till the maximum precipitate has been obtained, and filter 
Shake up the precipitate with 1 per cent sodium carbonate and 
filter To the filtrate add 10 per cent v/v HC1 till it is acid* 0 
litmus A brown black or black precipitate is due to melanin The 
test is positive when melanogenuria is marked, but the writer has 
found it negative m the early stages of melanogenuria due to prove* 
melanotic sarcoma of the liver, at which period both the feme 
chloride and Thormahlen reactions were positive To 
therefore on the necessity of a positive Helman’s test will lead 
failure in diagnosing the slighter grades of melanogenuria 

Helman, however, m the pabhcations to which reference is mo e > 
gives no details The technique given above is the one the wn i e 
has employed, and it may not be the best In precipitating 
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phosphates with feme chloride, great care has to be taken to avoid 
an excess of the reagent in which both phosphates and melanin 
are soluble At the moment, therefore, the writer does not regard 
the test as of much value clinically, but a description of it has been 
given because in several articles stress has been laid upon the 
necessity of obtaining a positive reaction before diagnosing 
melanogenuria Further investigation is required 

DRUGS IN URINE 

The chemical pathologist mast be interested m drugs and their 
products m unne, because they may cause abnormal colours, or 
because they produce unusual reactions during his routine chemical 
examination or because he is specially requested to make tests for 
their presence in cases of suspected poisoning The first and second 
reasons are in evidence almost daily, the third is much less common 
and leads to work which is more often undertaken by a toxicologist, 
or an analyst who specialises m these investigations For this 
reason the briefest of references only is made to the last group, for, 
in the writer’s opinion, it is best considered together with the 
exammation of the other excreta and the viscera, a subject which 
requires a volume to itself 

Comparatively little is known of the exact form in which drugs 
and their products are excreted m human urine, and particularly 
with regard to the newer therapeutic substances , there is room for 
considerable investigation on these lines 

It is convenient for the present purpose to classify drugs in unne 
as follows — 

(A) Drugs which may affect the colour of urine — 

( 1 ) Abnormal colour only when reaction is alkaline 
(u ) Different colours at acid and at alkaline reaction 
(in ) Same abnormal colour at all natural reactions 

(B) Drugs which indirectly may influence the colour of unne 

(C) Drugs which do not influence the colour, but which may 
cause unusual responses during routine testmg 

(D) Other drugs and poisons 

(A) Drugs which may Affect the Colour of the Urine 

(i ) Reaction alkaline, naturally or due to bacterial decomposition 
This group includes rhubarb and senna (ehrysophame acid), and 
the indicators phenolphthalem { ‘ purgen ”) and phenol red In 
the case of rhubarb and senna the fresh acid unne may be normal 
or orange m colour, but on adding alkali, or if the unno becomes 
alkaline on standing, it turns a reddish-orange The colour change 
is sometimes not very marked in which case the following may be 
more striking Add 10 per cent NaOH until the urine is strongly 
alkabne and a precipitate of phosphates occurs Filter The 
precipitate is often orange red or purple red owing to the adsorption 
of chry sophamc acid On adding a drop or two of concentrated 
HCI the precipitate turns yellow The urine shows no absorption 
bands 
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Phenolphthalein is a purgative as well as an indicator, and is 
excreted unchanged In acid unne it is colourless When the urine 
becomes strongly alkaline (on standing, or after adding NaOH, etc ) 
it imparts a red tinge to the specimen Alkaline urines containing 
this drug are not infrequently sent for examination for blood They 
may show an absorption band in the green just to the right of the D 
line (Pig 48) The indicator is not extracted by amyl alcohol 
Phenol red is used as a test of renal efficiency (see Chapter V), 
and apart from this it rarely if ever appears in the urine It is 
yellow in acid, red in alkaline urine, being excreted unaltered 

(u ) An abnormal colour whatever the reaction of the urine, but the 
colour changes tnth change in reaction Thus santonin makes fresh 
acid unne greenish or intensely yellow, and the colour changes to 
pink or puiple on adding an excess of alkali Santonin is an 
anthelmintic It is excreted as the sodium salt, or as oxysantomn, 
which give no absorption bands 

(m ) Same abnormal colour at all natural reactions This group 
contains the majority of the drugs listed on pp 217 and 218 

Carboluria is caused by taking carbobc acid by mouth, or by 
absorption through the skin when phenol is used as a dressing 
There may not be any appreciable change in colour, or the unne 
may become greenish or brownish black The green colour is due 
to oxidation products of hydroqumone (p dihydroxy benzene) or of 
pyrocatechm (o dihydroxybenzene) which are formed from the 
phenol The brown colour presumably is due to melamns, or 
melanin like products, resulting from oxidation of the phenok 
Carbolic acid is excreted as an ethereal sulphate or as a glycuronate 
The urine may reduce Fehling’s or Benedict’s reagents (glycuronate), 
and with bromine water in excess it may yield a white or yellow 
precipitate of tribromphenol (bromine also precipitates protems) 
Often, however the carboluria is slight and the above tests negative 
or inconclusive, and it is best to distil the unne after making it 
strongly acid with 10 per cent v/v H 2 S0 4 The distillate is then 
tested with bromine water, when a white precipitate is readily 
obtained The untreated urine occasionally will give a fleeting 
purple colour on the addition drop by drop of 10 per cent ferric 
chloride (cf preparation of Ufieknann's reagent, Chapter XXII) 
The same test may he applied to the distillate but in both cases the 
reaction is generally unsatisfactory A positive result with FeClj 
is valuable, but a negative reaction is of no significance In 
carboluria there is nothing characteristic on spectroscopies I 
examination Owing to the conjugation of the phenol, the ethereal 
sulphates increase at the expense of the inorganic sulphates (cf 
p 290) Prolonged treatment with carbolic acid for several years 
has occasionally produced ochronosis just as occurs late in 

alkaptonuria (cf p 120) In both conditions the brown pigmentation 
of the cartilages and ligaments is presumably due to the deposition 
of the mel a nin like oxidation products . 

In lysol-poisomng the urine is brown or brownish black, ana 4 
gives the same reactions as m carboluria, as would be expected 
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because lysol contains cresols (hydroxy toluenes) in an alkaline soap 
solution , lysol B P (Liquor Cresolis Saponatus) contains about 
60 per cent v/v cresols, but the public have usually purchased 
“ lysol solution ” or “ diluted lysol,” which is much less concentrated , 
in attempted smcide therefore varying concentrations of cresol may 
be su allowed, e g , 5 per cent 

It is wise always to distil the unne after strongly acidifying with 
H 2 S0 4 and to test the distillate with FeCl 3 solution (blue colour), 
and with bromine water (white precipitate of tri brom compound), 
because the original unne often fails to give clear cut reactions 
with these reagents In two cases of lysol poisoning the writer 
observed that the brown urine turned green or blue on adding 
sulphosalicylic acid (as in testing for protein) or HC1, but not with 
acetic acid , this may be of assistance m the early recognition of 
lysol poisoning , it was not observed m the specimens of urine 
passed later than about twenty four hours after taking the lysol, 
although the brown colour persisted Amyl alcohol extracts the 
brown pigment(s) from the untreated unne, and removes 
incompletely the blue pigment from the acidified urine , a more 
concentrated solution of the blue pigment is obtained by separatmg 
the amyke extract of the non acidified unne and shaking it with 
a drop of concentrated HC1 

Spectroscopically the amylic extracts ot the untreated unne in the earliest 
stages showed tliree absorption bands a in the red and narrow, fi in the orange and 
narrow and y wide and less defined extending from the centre of the green into the 
blue In subsequent specimens first « and then /? disappeared y remaining when 
y only was left neither the urine nor the amylic extracts turned blue with acid 
The acidified bluo urine showed a band in the red In the acid amylic extracts 
this band was widened and shifted a little towards the violet 

Phenylhydrazine, used in the treatment of polycythemia, may 
cause both acid and alkaline urines to become brown presumably 
due to the excretion of oxidation products (? melanin like products) 
The brown pigment is extracted by amyl alcohol, especially after 
acidifying the urine with HC1 Spectroscopically there is an 
ill-defined absorption of the green Poisoning by excessive 
administration of phenylhydrazine has led to methaemoglobinjemia 
(Chapter XVIII) and to methacmoglobmuna (Chapter X), in which 
case the drug causes browning of the urine both directly and 
indirectly 

Pyramidone, or amidopyrine (dimethylaminophenazone), as such, 
or in combination or in mixture with a number of other drugs sold 
under different proprietary names ( e g , veramon), is of special 
medical interest at the moment in connection with agranulocy tosis 
It is excreted ns a glycuronate, which may cause a slight reduction, 
and as rubazomc acid, a condensation product of pyramidone 
wlncli is red Acid and alkaline urines have a pink colour, or a tmt 
liko that of a blood-orange or are red, depending on the concentration 
of the rubazomc acid , the colour is often mistaken for tint of blood 
The red pigment is unstable becoming less marked when the 
specimen is kept for a day or more Spectroscopically there is an 
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ill defined absorption of the green blue, but no band An excess 
of either HCI or NaOH changes the colour to yellow The red 
pigment is very readily extracted by amyl alcohol 

Pyridium (phenylazo aa' diamino pyridine hydrochloride) and 
Neotropin (2 butyloxy 2' 6' diamino 5 5' azopyridine} are both 
employed as unnary antiseptics They are said to be excreted 
unchanged, and make the urine deep orange or orange red Excess 
of NaOH causes no significant change m colour, excess of HCI 
makes the colour deeper and more red Spectroscopically the 
untreated urine shows no definite band, but a very intense general 
absorption of about half of the green and of all the blue violet 
In urme well acidified (with HCI or acetic acid) the absorption is 
shifted obviously towards the red, so that almost all the green may 
be absorbed Amyl alcohol extracts the dye partially from both 
untreated and acidified urme 

Prontosil or Prontosil Red (4' sulphamido 2 4 diaminoazo 
benzene hydrochloride) for oral administration and Prontosil 
solubile or Streptozon S (disodiura salt of 4' sulphamido phenyl 
2 azo 7 acetylammo 1 hydroxy naphthalene 3 6 disulpliomc acid) 
for injection, are used m the treatment of streptococcal and mernngo 
coccal infections They both make the unne red, and the red urines 
behave very similarly to the urme after pyridium or neotropin 
Their bactericidal action is due to reduction to p aminobenzere 
sulphonamide (sulphaiulamide) — cf Fuller — which is colourless 
They are excreted m the urme, partly unchanged and partly a" 
sulphatulamtde 

S'ulphamlamido itself is now used for treatment under various names such as 
Prontosil Album sulphonamide P but since it does not colour the urine it does not 
concern ua here 

The presence of these drugs in unne may cause difficulty m the 
interpretation of the results of several routine tests (e g Fehhng s, 
Rothera s and Schlesinger s and spectroscopical examination), and 
it mav be wise to repeat such tests after stopping the administration 
of the dye 

The administration of guaiacum may cause the unne to become 
green The green pigment tends to nse to the surface if the urine 
is left undisturbed, because the resm is light It is extracted by 
amyl alcohol, but yields no absorption bands Guaiacum is 
probably the cause of the green unne sometimes seen alter taking 
Eade s pills (sodium salicylate, guaiacum aloes and eolclucum) 

Methylene blue may render the unne green greenish blue oi 
blue The colour is blue if the dye is deliberately added to unne 
Small quantities of methylene blue may be excreted as a colourless 
chromogen which can be converted into the pigment by adding 
acetic acid and boiling Urme containing methylene blue shows 
an absorption band m the red (Fig 48) The dye is extracted by 
amyl alcohol and the absorption band in the extract is slightly 
shifted towards the violet The colour is unaffected by adding 
10 per cent HCI or dilute {eg , 1 per cent ) NaOH, but it is destroy c 
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or rather changed to a dirty yellow brown, by adding several drops 
of 40 per cent NaOH to about 5 c c of unne Methylene blue may 
be reduced to the leuco base as follows To about 5 c c (1 in 
column m a test tube) of unne add a large knife pomt of glucose 
powder, and 1 or 2 or 3 drops of 40 per cent sodium hydroxide, so 
that the mixture becomes strongly alkaline to litmus but does not 
lose its green colour Boil well for several minutes if necessary 
If the green colour is due to methylene blue, it will disappear, to 
reappear on cooling and shaking with air The process may be 
repeated many times So far as the wnter js aware no other 
substance, causing the unne to be green, w ould give this test 

Methylene blue is used as an analgesic m rheumatism, migraine, 
neuralgia and sciatica It has also been recommended in 
inflammations of the urinary passages and m malana It is a 
constituent of certain proprietary medicines (eg , de Witt’s pills) 
It may be absorbed through the chewing of clothes dyed with it, or 
through the eating of coloured sweets, and so on Methylene blue 
has in the past been used as a test of kidney function, and of liver 
function (c/ Barton), but m both cases it has been discarded as 
unsatisfactory 

Indigo-carmine is used as a test of renal efficiency (see Chapter V), 
and apart from this it rarely if ever appears in the unne It imparts 
a greenish blue tint if the urine is acid or sbghtly alkaline, but if the 
reaction is strongly alkaline tho mdigo carmine is decolourised If 
there is marked pyuria the colour does not develop The green 
urine does not give an absorption hand m the red , on boiling 
about 5cc of unne made alkaline with 1 or 2 drops of 40 per cent 
NaOH the green colour disappears, whether or not glucose is also 
added and does not reappear on shaking with air (distinctions from 
methylene blue) 

Garrod (1897) has seen a nch green colour produced by mdigo- 
blue in the urine of a child who had sucked a rug dyed with that 
substance 

The unne is not infrequently coloured by chemicals used as 
antiseptics when washing out the bladder Flavine (aenflavine) 
•wViYc 1 !! ytUsyt. u.'At w green fr&wre&wrrcfc , va 

given on p 218 as an example 

General Remarks It will be noted m the above that no specific 
or elaborate tests are given for the various drugs and their products 
which may alter the colour of the urine The reason is that in clinical 
work the simple reactions noted, plus the observation of the effect 
of discontinuing the drug give all the information required 
/ It should be added that the drugs mentioned do not invariably 
affect the colour of the unne Naturally the dose, the absorption 
of the drug, and other factors play their part, but in addition, 
clinically, the impression is gamed that some patients appear to 
be more liable than others to excrete coloured products I lira 
impression is strengthened by the frequent failure of the obsen er 
to reproduce the colour in his own unne by taking the drag 
responsible for an abnormal tint of a patient’s unne 
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(B) Drugs which indirectly may Influence the Colour of Urine 

Examples of drugs in this group have already been given under 

the headings of metluemoglobmuria (Chapter X) caused by 
phenylhydrazme (see also p 227), and of porphynmma (Chapter X) 
caused by .sulphonal, trional and veronal 

(C) Drugs which do not Influence the Colour of the Urine, but may 

cause Unusual Responses during Routine Testing 

The examination of unne for certain drugs is of clinical 
importance in the diagnosis of poisoning, of drug rashes, and so on, 
and m the recognition of some of the ingredients of medicines taken 
by patients when the prescriptions are not available In the 
laboratory, when carrying out unnary examinations, it frequently 
happens that peculiar (colour) reactions due to drugs are observed, 
and it is important to be able to recognise these “ false ” reactions, 
and to make inquiries as to the nature of the drug treatment 
Only drugs commonly employed will be mentioned 

Bromides arc excreted as such They may cause skin eruptions 
(bromism) They make tho chloroform extract yellow brown when 
performing Jaffe’s test for mdican (Chapter XJV) 

(а) To about 5 c c of urine add an equal volume of concentrated 
hydrochloric acid and about 3 c c of chloroform Add I or 2 per 
cent potassium chlorate, a drop at a time, inverting the mixture 
repeatedly after each addition If bromides are present they will 
be oxidised to bromine, which is extracted by the chloroform, to 
which it imparts a yellow brown tint The reagents alone, however, 
will give a yellow colour owing to the formation of chlorine, which 
is extracted by the chloroform, so that it is advisable to treat 
similarly a normal unne at the same time, and to compare it with 
the unne suspected to contain bromide The advantage of adding 
the potassium chlorate in portions is that it avoids the risk of 
over-oxidising the bromide 

(б) To about 10 c c of unne add 2 or 3 c c of 10 per cent v/v 
H 2 S0 4 and a few drops of a saturated potassium permanganate 
solution till the mixture remains permanently pink Warm and 
note the colour and smell of the vapour Bromine has a brown 
colour and a characteristic smell, and makes the eyes water 

Iodides are excreted as such They may cause shin eruptions 
(lodism) When they are present in the urine, on performing * 
Jaffa’s test for mdican (Chapter XIV) the chloroform extract is 
purplish red 

(a) To about 5 c c of urine add an equal volume of concentrated 
hydrochloric acid and about 3 c c of chloroform Add I or 2 per 
cent potassium chlorate, a drop at a time, inverting the mixture 
repeatedly after each addition Iodides are oxidised to iodine, 
which is extracted by the chloroform which therefore becomes 
purplish red On adding a few drops of 10 per cent sodium 
thiosulphate and again repeatedly inverting, the iodine ie 
decolourised, thereby differentiating it from mdigo red, which ia 



URINES ABNORMAL IN COLOUR DRUGS IN URINE 231 


unaffected The addition of potassium chlorate m stages avoids 
the over oxidation of iodides to the colourless lodates 

(6) To about 6 c c of urme add 1 or 2 c c of chlorine water and 
extract with chloroform, etc , as above 

(c) To about 5 c c of urme add 1 or 2 c c of chlorine water and 
a few drops of starch solution (about 1 per cent ) The iodides are 
oxidised to iodine, which turns blue with starch Instead of chlorine 
water, HC1 and potassium chlorate may be used to liberate the 
iodine (cf tinder (a) ) 

(<£) To about 5 c c of urme add 2 or 3 c c of chloroform and 
concentrated nitnc acid, a few drops at a time, inverting between 
each addition Then proceed as m (a) There is more risk of 
over oxidation with nitric acid than with procedure (a), which is 
recommended m preference to (6) (c) or (d) 

Salicylates are excreted as salicyluric acid or unchanged 
Sahcylunc acid is formed by the conjugation of Bahcyhc acid with 
glycme, and is an example of synthesis by the kidneys It is a 
common cause of a slight reducing action of urine on Benedict’s and 
Fehling’s reagents (see Chapter VI), since aspirin (acetyl sahcyho 
acid) is a drug which is very extensively employed Salicylates 
have also been mentioned in Chapter IX since urine containing 
them gives a purple colour with feme chloride, which has often 
to be distinguished from the Bordeaux red of aceto acetic acid in 
Gerhardt’s test Both acetyl salicylic acid and salol (phenyl 
salicylate) yield salicylic acid in the body, and are excreted as 
sahcylunc acid or as salicylates 

(u) Boil the unne with Benedict’s or Febling’s solution (see 
Chapter II) 

(6) To about 5 c c of urme add 10 per cent feme chloride drop 
by drop At first a white precipitate of phosphates is obtained 
Then the urme turns purple or Bordeaux red if salicylates are 
present 

Boil thoroughly about 10 c c of unne in a boiling tube, cool, 
and add the feme chlonde If the unne contained salicylates it 
will still give the purple colour , if it contained only aceto acetic 
acid there will be no colour change , if it contained both substances 
the purple colour will be less intense than before In either of the 
last two events confirm the presence of aceto acetic acid by Rothera’s 
test (see Chapter II) 

(c) To about 5 c c of unne add feme chlonde as before If a 
purple colour results, add a few drops of acetic acid when the colour 
is not discharged Then add a few drops of sulphuric acid (20 to 
50 per cent ), when the purple will be destroyed 

(d) To about 5 c c of unne add an excess of bromine water 
Salicylates, like phenol, give a white or yellowish precipitate of the 
tn brom compound A distinction may be made between the two 
substances by distilling the acidified urme (see under Carboluna) 
Phenol conics over readily, salicylic acid % ery slowly and only in 
traces 

Phenazone (antipynne) is excreted as an ethereal sulphate, or as 
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a glycuronate which may cause a slight reduction The urine is 
occasionally red With feme cldonde the urrne becomes Bordeaux- 
red, which may be distinguished from the colour due to aceto acetic 
acid by boiling, as described for salicylates under (b) ICf also 
Chapter IX ) v ' 1 J 

Uroselectan (sodium salt of 5 lodo 2 pyridone N acetic acid) is 
used for making the urine opaque to X-rays, thus enabling a 
radiogram of the urinary tract to be obtained A large dose (up to 
40 gm ) is injected intravenously, of which 80 to 90 per cent is 
excreted by healthy kidneys in about six hours When urwe 
containing uroselectan is acidified with a strong acid, a white 
crystalline precipitate is formed which may be copious This may 
easily lead to erroneous conclusions when testing urine for protein 
with either nitric acid or sulpho salicylic acid, but uroselectan gives 
no precipitate m the boiling and acetic acid test Fortunately 
differentiation is simple , protein is insoluble in alcohol, whereas 
the precipitate from uroselectan is readily dissolved on addmg 
about 2 volumes of absolute alcohol and vanning On addmg a 
few drops of 10 per cen t fern s_chj onde to the urrne an orange or 
ygUow-brawn precipitate lsjforme d Otherwise this drug gives no 
peculiar reactions during routine urinary testing 

The reader is referred to Chapter VI for a list of the various 
drugs which are conjugated with glycuromc acid, and which therefore 
may cause a sbght reduction of Benedict’s or Fehhng’s solution 

(D) Other Drugs and Poisons 

The chemical pathologist is occasionally asked to examine urrne 
for metals, for derivatives of barbituric acid, and for other drugs 
which, taken m excess of the therapeutic doses, are poisonous In 
addition, his services may be requested in cases of industrial 
poisoning For the reasons given on p 225, a consideration of this 
subject is dekberately omitted, except for the few points of cluneal 
importance m chemical tests for lead and arsenic given below 

In lead poisoning (neuritis, wnst drop, cobc, encephalopathy, 
etc ) more of the metal is excreted m the feces than in the urine 
Both excretions should be sent for analysis , 500 c c of urwe or 
more are required The finding of lead is of great value, but a 
negative result does not exclude the diagnosis, since no appreciable 
quantity of the metal may be excreted at the time of the test The 
quantity excreted in the urrne in twenty four hours vanes from 
0 to about 10 mgm of metal The characteristic blue line on the 
gums is due to the deposition of lead sulphide The urrne in acute 
cases is very deeply pigmented, and, as mentioned previously, 
contains a great excess of all four urinary pigments, viz , urochrome, 
urobilin, uroerythnn, and porphyrin In chrome poisoning con 
siderable quantities of lead may be stored m the bones, probably as 
phosphate _ . 

Traces of lead are found m the excreta m health, and it is lairiy 
generally agreed that amounts up to 0 1 mgm Pb per 1,000 cc of 
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urine, and up to 5 0 mgm per 100 gm of dried feces are within 
normal limits (c/ Davidson, et al ) 

Considerable attention has recently been paid to lead poisoning, 
apart from the ever present industrial poisoning, in view of the lead 
treatment of cancer and of the introduction of lead tetraethyl as an 
anti knock agent in motor fuel A good review of the subject is 
given by Aub, et al , including methods In clinical work the 
writer has found Thresh’s method convement 

In arseruc poisoning (neuritis, dermatitis, pigmentation, etc ) 
the urine, hair and nails are usually selected for chemical analysis, 
though the metal is also excreted in the faeces For test purposes 
100 c c or more of urine, and 0 5 gm or more of hair or nail parings 
should be supplied A negative chemical finding does not exclude 
the diagnosis In clinical work the Gutzeit test, as laid down in 
the British Pharmacopceia is convenient Disappearance of arsenic 
from the hair requires a very long time, and the metal may be 
detected therein jears after its intake has ceased 

In addition to industrial poisoning, the clinician is interested 
m_ arsenic poisoning resulting from excessive medication, and 
particularly from the use of salvaraan and its derivatives 
Patients show considerable variation in their liability to poisoning 
by arsenic (and other metals), and before treatment with its 
compounds a careful clinical examination should always be made, 
particular attention being paid to the condition of the liver and of 
the urine (proteinuria, etc ) 


A SIMPLE SCHEME FOR THE CLINICAL EXAMINATION OF 
URINES ABNORMAL IN COLOUR, OR CONTAINING DRUGS 
AND THEIR PRODUCTS 

( 1 ) Note the colour of the urine, and follow up any clues obtained 
from the presence of abnormal colours 
(u ) Take the reaction to litmus 

(in ) Note the effect of adding acid (HCJ) and alkali (NaOH) 
respectively on the colour of the urine 

(iv ) Examine with the spectroscope (see Chapter X) — 

(а) The untreated unne 

(б) The same after addition of acid and of alkali m (m ) 

(c) An amyl alcohol extract of the unne (Take about 

10 c c of unne m a centrifuge tube Add 2 or 
3 c c of amj 1 alcohol Shake well Centnfueo 
and separate the amyhc extract ) 

(d) Repeat (c) after making the urine acid v ith HC1, and 

alkaline with NaOH respectively 
(v ) Note the effect of adding ferric chloride solution (Alkapto 
nima mclanogcnuna, salicylates, phenazone, carbolic acid ) 

(\ i ) Note the effect of treatment with oxidising agents (HCI 
plus KC10 3 ) (Melanogenuna, indicanuna, indigo red, iodides, 
bromides ) 
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(vjj ) Boil the unne with Benedict’s or Fehkng’s reagent, and 
note if any reduction occurs (Alkaptonuria, inelanogenuna, 
salicylunc acid, glycuronates.) 

(vui ) Note if a precipitate is given with an excess of bromine 
water (Melanogenuria, carbolic acid, salicylates ) 

(lx ) Apply other tests indicated in this chapter, if a clue to the 
nature of the substance has been obtained from Nos (i ) to (vm) 
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BILE AND UROBILIN IN THE URINE: EFFICIENCY 
TESTS OF THE LIVER AND BILE PASSAGES 

Books and Reviews Rolleston and McNee’s Diseases of the Liter, 
Oall Bladder and Bile Ducts, which in addition to being an exhaustive 
treatise, gives extensive references 

Weiss's Diseases of the Liver, Oall Bladder, Ducts and Pancreas 

Graham, Cole, Copher and Moore’s Diseases of the Oall Bladder and 
Bile Ducts 

Lepehne’s Die Leberfunktionsprufung, ihre Ergebnisse, und thre 
Methodil Also Munch med Woch , 1922, 69, 342, and Klin Woch 
1924, 3, 73 

Liver Function Tests Mann, F C , and Bollman, J L , Arch Path , 
1926, 1, 681 An excellent review of the possible clinical value of liver 
function tests judging from experimental findings 

Roger's Physidogie Normale et Patkologique du Foie 

Diseases of the Liter (Function tests, general survey, findings in 
different diseases and in experimental obstruction ) Greene, C H , 
Rowntree, L G , Snell, A M , Walters, W , et al , Senes of Papers m 
Arch Ini Med , 1925, 36, 248, 273, 418 and 542 , 1926, 38, 167 , 1927, 
40, 159 and 471 

The Extra Hepatic Functions of Bile Schmidt, C L A , Physiol 
Bev , 1927, 7, 129 

In Chapter X, hemoglobin and its denvatives in the urine have 
been reviewed In Chapter XI, the other Bubstances (including 
drugs) which may causo the urine to he abnormal in colour have 
been discussed, with the exception of bilirubin and its denvatives, 
which will now be considered The subject of bdirubmuna leads 
naturally to the broader problem of tests of hepatic efficiency. 

BILIRUBINURIA 

The urine is tested for bile pigments either on account of its 
colour, or of the colour of the patient’s skin or conjunctiva, or as 
part of a routine examination Normally there is no bilirubin in 
the unne, or possibly the merest trace (c/ Nnumann) In general 
terms bdirubmuna signifies disease of the liver, obstruction of the 
bdo passages, or excessive lizemolysis The tests for bilirubm have 
been given in Chapter II They depend on the oxidation of bilirubin 
to green (bdiverdm) or blue (bilicyanm or cholecyanm) pigments, 
or on the formation of azobilimbm If oxidation is allowed to 
proceed too far a yellow pigment (choletelin) is formed, the 'colour 
of winch 13 obviously of no help in unno Van den Beigh’s diazo 
test for bilirubm in the blood (see later) can be applied to unne if 
the bilirubm is first separated by adsorption on a banum precipitate 
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(Hunter) — see p 19 Spectroscopically bilirubin gives no 
absorption bands, but merely a general absorption of light mninlj 
at the violet end of the spectrum Cliolecyamn does give absorption 
bands w Inch vary with the reaction and the purity of the pigment 
in solution In clinical work, therefore, these spectra are seldom of 
much assistance, wherefore the reader is referred to larger works 
Biliverdin gives no absorption bands, whereas choletelm in acid 
solution gives a band between b and F, which, however, is not of 
mucli help in examining treated urine containing a mixture of 
oxidation products 

UROBILINOGENURIA AND UROBILINURIA 
The urine is examined for urobilin on account of its colour, or 
during routine examination, or because liver damage or excessive 
haemolysis or pernicious amentia is diagnosed Normal 1} urine 
contains traces only of urobilin or its chromogen, and these quantities 
do not affect the colour Where there is an excess of the pigment 
the urine is more orange than usual, and a pinkish yellow tinge 
may be noted in the lowest layers m a conical receiver Tests for 
the pigment plus its cliromogen have been given in Chapter H 
These depend on the characteristic absorption spectrum (Fig 13), 
the fluorescence of the zinc urobilin compound, and the colour of 
the copper urobilin compound in a chloroform extract It is 
advisable also to examine spectroscopically the solutions obtained 
in the last two tests, because the fluorescence or the colour maj be 
masked by other pigments, especially by bilirubin In clinical 
work there is usually nothing to be gamed from tests which respond 
solely to the pigment or solely to the chromogen respectively, since 
both have the same significance, and since the chromogen rapidlv 
changes into the pigment on exposing the tinne to light and air 
Thus urobilinogen, but not urobilin, gives Ehrlich’s reaction watk 
para cbm ethyl aminobenzaldebyde, and this has been utilised bv 
Wallace and Diamond m a method winch gives approximate^ 
quantitative measurements of the concentration of the chromogen 
in urine The reader is referred to the articles of Terwen and of 
Watson for a discussion of the estimation and preparation of urobilin 
and its chromogen from urine and feces 

The relationship of urobilinogen and of urobilin to bilirubin is 
discussed more fully in the next bection Urobilinogen is formed 
by the action of bacteria on bilirubin in the large intestine 
Normal urine in the fresh state probably contains only the 
chromogen In pathological conditions the fresh urine contains 
more chromogen than pigment, but when urobilinuna is marked, 
probably some fully formed pigment is excreted as such It 19 
obvious therefore, that urobilinogenuna is really the 
descriptive term but urobilinuna is generally used to include ‘ ® 
presence of the pigment or cliromogen or both, and it wall he use 
m that sense here , . 

In clinical work, whilst m general terms it may be stated tnai 
uorbilinuna signifies either disease of the liver or excessiv 
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lisomolysis, it is quite common to find urobilin in the mine of patients 
with all sorts of diseases not usually associated with gross liver 
disease Thus urobilinuna occurs frequently in almost all fevers, 
but it then generally lasts only for a few days Slight temporary 
urobilinuna may also be caused by simple constipation due to the 
mcreased opportunity of absorption from the large intestine 

In liver diseases (cirrhosis, malignant disease, passive congestion, 
etc ) urobilinuna is more persistent, though not invanably present 
In the milder forms there is an increased excretion of urobilin 
without any conspicuous increase m the output of other pigments 
In severe hver disease (advanced carcinoma, lead poisoning, etc ) 
there is a general increase of all pigments (c/ Chapter XI) 

In pernicious anaemia urobilinuna is a common finding, but 13 
often intermittent, apart from the remissions when it is absent In 
secondary anaemia urobilinuna is generally absent, though it may 
occur dunng a stage of very activ c haemolysis The finding of tho 
pigment m the urine is, therefore, of limited value m differentiating 
between the two types of anremia Urobilinuna occasionally results 
from the absorption of a large extravasation of blood Tor a fuller 
account the reader is referred to the publications of Garrod quoted 
in Chapter XI 

THE CYCLE OF BILIRUBIN 

The normal cycle of bilirubin is represented diagrammatically 
in Fig 49 It wall be seen that the greater portion is lost in the 
fscces mainly as stercobilm and to a lesser extent as stercobiknogen 
A small proportion of stercobihnogen is absorbed into the blood 
Of tin* the greater part passes bach to the hver, completing the 
cycle of bilirubin The hver either re-e\cretes as such this 
stercobihnogen, or oxidises it bach to bilirubin which passes into 
the bile A smaller portion of the stercobihnogen absorbed from 
the intestine excapes the hver, and passes into the general circulation, 
from which it is excreted by the kidneys as urobilinogen Thus the 
normal trace of urobilinogen in the urine is explained 

The reduced bilirubin is termed stercobihnogen or iiydro- 
bihrubinogen in the fasces, and urobilinogen in the urine , these 
are probably merely different names for the same chromogen 
Likewise urobilin, stercobilm and hydrobilirubin may be regarded 
as convenient terms for one and the same pigment 

In a similar w ay the bilirubin which is passing in the blood from 
different parts of the reticulo endothelial system to the liver might 
be called “ hajmobilirubm,” and that in the bile on its way from 
the liver to the duodenum “ cholebilirubin ” The sigmGcanco of 
this suggestion w ill he clear later 

In pathological conditions this cycle of bilirubin and its 
derivatives may be upset in a number of ways, os will be seen by 
studying Fig 19 Pathological states of the liver and bile passages 
will be diseased later m thi3 chapter. 

If there is excessive formation of ha.moglobm, or excessive 
liTmolysis, the quantity' of bibrubm reaching the hi cr, and therefore 
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THE NORMAL CYCLE or BILIRUBIN AND ITS DERIVATIVES 



Note " Non direct,” as used id the text, is a better alternative for h^mobihrubin 

than is ‘ indirect * bilirubin 


the amount of stercobilmogen formed in the colon, and therefore 
the amount of stercobilmogen absorbed mto the blood, and therefore 
the amount of urobilinogen excreted in the urine, will be increased 
This is one way of explaining the pathological urobihnogenuna m 
pernicious anfemia, or from the absorption of large extravasations 
of blood The urobilinogenuna is accompanied by an excesai 
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excretion of stercjjbilinogen and stercobilm in the fceces, which 
therefore are dark 

T n constipation there is an increased opportunity of absorption 
of stercobilinogen into the blood, and therefore of the amount 
escaping the liver, hence slight urobilmogenuna occurs 

BILE SALTS IN THE URINE 

Tests for bile salts (sodium glycochohte and taurockolate) are 
seldom made unless^ bilirubinuna also is suspected They should 
be, however, because in certain stages of liver disease bile salts 
may be excreted unaccompanied by pile pigment — one type of 
so called *' dissociated jaundice ” (In the other type, bihrubinuria 
is unaccompanied by bile salts, eg , m uncomplicated licemolytic 
icterus ) Thus m catarrhal jaundice it has been stated that bile 
salts may appear in the unne before bilirubin, that with the develop 
ment of bihrubinurn the bile salts may disappear, to reappear again 
for a few days as the unne becomes free from bile pigment Gerrard 
has shown that bile salts may persist m the unne long after bilirubin 
has disappeared in cases of salvarsan jaundice Comparatively 
little work, however, on bile salts in the unne m clinical cases has 
been done It would obviously be worth while in patients treated 
with drugs which are potential liver poisons [eg, salvarsan and 
denvatives, lead, and so on), in order to try to obtain early warning 
of toxic action Again, in patients with subicteric tints and fever 
of uncertain origin, the test might prove of clinical value Indeed 
there is an obvious field for investigation both of normal and 
pathological subjects 

The chief difficulty is a technical one In clinical work either 
Hay’s test (see Chapter IT) or Pettenkofer’s reaction is generally 
employed Hay’s is a test for a lowered surface tension of the 
unne, and therefore is not specific for bile salts Pettenkofer’s 
reaction is performed as follows — 

To about B c c of urine add 5 drops of 5 per cent sucrose 
Hold the test tube at an angle and carefully pour down the side 
2 to 3 c c of concentrated sulphuric acid A red ring indicates the 
presence of bile acids On shaking the tube gently the whole layer 
of unne turns red The tube should be placed under running 
water during shaking, because the red compound is destroyed if 
the temperature rises above about 70° C The red solution gives 
two absorption bands, one at F, and the other between D and E, 
nearer E The reaction depends on the formation of furfural by 
the action of the acid on sucrose It is not a specific test for bile 
salts, and difficulties may be encountered if the urine contains 
protein or chromogens which yield interfering colours with sulphuric 
acid Rolleston and McKee state that a dilution of 1 in 1,000 of 
bile salts gives a poor Pettenkofer reaction, whereas a dilution of 
1 in 40,000 gives a positive Hay’s test 

The ordinary ward procedure for Hay’s test, using a G in x | m 
test tube, is given in Chapter II McKee and Pritchard (see 
Rolleston and McNeo’s book), and Gerrard, point out that this 
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method is crude, and make the follow mg recommendations The 
urine should be fresh, clear, and cooled to room temperature 
The flowers of sulphur should be dry, and therefore m the form of a 
fine powder, and should be sprinkled on the urine without touching 
the sides of the vessel, which must be wide fa small beaker, square 
glass cell, or comeal receiver) If a beam of light is reflected from 
one side, even the scantiest fall of sulphur particles may be detected 
The sulphur should be delivered from a standard height above the 
urine McNee and Pritchard used an ordinary tin pepper box, 
clamped 2 5 cm (1 m ) above the surface of the urine, which was 
tapped w ith the finger to eject the sulphur Gerrard used a metal 
sprinkler perforated in the centre only, held £ in above the urine 
When the unne contained I in 10,000 of bile salt the sulphur sank 
instantly, when the concentration was 1 m 40,000 the sulphur 
rested on the surface for a minute or two before sinking Very 
large doses of sandalwood, copaiba, cubebs, hexyl resorcinol and 
turpentine lower the surface tension, but chloroform, chloral, 
salicylates and iodides do not Urines preserved with thymol may 
give a positive test It has been stated that substances lowering 
the surface tension may occur in certain cases of nephritis 

Bile salts are absent from normal urine, or, at any rate, they 
cannot be detected by the above tests Their presence m the unne 
can, with the possible exception of nephritis, always be regarded as 
indicative of liver damage or duct obstruction 

THE CYCLE OF BILE SALTS 

Bile salts are almost certainly formed in the hver They are 
excreted in the bile and pass into the intestine Normally none can 
be detected m the fscces or the unne, so there is no appreciable loss 
in the excreta It has been shown that they are rapidly absorbed 
from the intestine into the portal blood to be picked out by the 
liver and re excreted in the bile, thus completing the cj cle That 
they must be formed within the body is shown by the fact that they 
are excreted for a considerable period through a bihary fistula during 
starvation But beyond these facts very little is known If normally 
bile salts are being continuously formed endogenously, and 
psmeiicaSj r all tba amract essrstsd is rsabsorhed, if - -is obvious that 
they would accumulate Either their endogenous formation is not 
called into play until there is a loss from the body, or m some way or 
another they are continually being destroyed and new formation 
keeps pace with destruction The work of Whipple ei al points to 
protein (body protein or food protein) products as the source of bde 
salts, and not cholesterol or lipoids In health the peripheral blood 
contains small quantities of bile salts Since they are absent from 
the unne they must be ‘ threshold substances ” 

In pathological conditions, again, our knowledge is very limited 
In the early stages of obstruction to the bile passages the anioun 
in the blood increases, and bile salts appear in the urine Bu 
with contmuation of the obstruction they disappear from the unne, 
and often reappear for a short tune when the obstruction is rtlieveu 
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These aTe the observed facta, and it is idle to speculate as to tlieir 
meaning until more is known of the physiology of the subject 


CHEMICAL TESTS OF THE EFFICIENCY OF THE LIVER 
AND BILE PASSAGES 

A number of chemical tests of function have been introduced 
as an extension of the clinical examination of patients who are 
suspected to have liver disease In another group of cases there is 
no doubt clinically of the existence of hrer damage, but the same 
tests are employed m an attempt to gam some idea of the efficiency 
of the liver remnant, or as a guide to progress of the liver condition, 
or as an aid to treatment In some cases the simple routme urine 
tests for bilirubin urobilin or bile salts lead to the request for 
efficiency tests In other cases these urine tests give no indication 
of the damage to the liver or bile passages which is evident from the 
clinical examination 

In general the same difficulties apply for the liver as for the 
kidney (c/ Chapter V) when attempting to assess functional 
efficiency Thus no test has been devised for detecting slight 
degrees of damage Abnormal results are obtained only when the 
disease is very advanced It is impossible to assess the ‘ reserve 
power ” The tests give little or no indication of the cause of the 
damage, but merely a rough measure of its degree The possible 
influence of non hepatic factors on the tests is great, and must 
always be considered Repeated observations are often necessary 
as a* guide to progress and to treatment But in the case of the liver 
the difficulties are greater than in the case of the kidney Thus its 
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excretion is not so accessible In fact, it is diffi jjjlt if not impossible, 
to obtain pure human bile in vivo, apart from occasional opportunities 
at operation The liver has even more functions than the kidney, 
and, as in the case of the kidney, one function may be more impaired 
than another in disease Hence tests of several functions are 
generally desirable Lastly, it is often particularly difficult to 
exclude the possible influence of the pancreas on tests of hepatic 
function 

Tiie diagram onp 241 represents the relationships of the liver and 
bile passages to other organs and body fluids, and enables the 
reader to see at a glance what material is available for examination 
when carrying out function tests 


THE FUNCTIONS OF THE LIVER 
The formation and excretion of bile 

Metabolic functions in relation to carbohydrates, proteins and 
fats 

The antitoxic power of the hver 
Hasmopoietio functions 
Excretion of foreign substances 

It is impossible to consider the functions of the Uver without 
simultaneously discussing those of the gall bladder and bile passages 
Obstruction of these passages not only causes chemical changes m 
the body fluids, but also may cause damage to the hver itself 
The main function of the gall bladder is the storage and 
concentration of the bile This concentration is about sixfold to 
tenfold Advantage of this concentrating function is taken in 
cholecystography Suitable salts (tetrabromphenolphthalein, tetra 
lodophenolphtbalein, or phenoltetraiodophtkalein) are administered 
intravenously or orally These are concentrated with the bile in 
the gall bladder wherefore an opacity is obtained on radiologies/ 
examination This is not a chemical test, so the reader is referred 
to other works 


THE FORMATION AND EXCRETION OF BILE 
Judging from the output of fistula bile the quantity normally 
excreted into the intestine is about 6 00 to 700 c c m the twenty four 
hours (cf Fox) The chemical composition of bile from the hver 
and of bile from the gall bladder is given on p 243, the difference 
between the two sets of analyses being due to the concentration 
effected by the gall bladder Comparatively few analyses have been 
recorded, and the range of variation m the results is tremendous 
A series of complete analyses, using modem methods, is badly 
needed 

So far as the excretion of bile is concerned, efficiency tests arc 
limited to bile pigments, bile salts and cholesterol Reference to 
the diagram given above will show that theoretically in each case 
examinations might be made of the blood, urine duodenal conten 
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stomach contents 'when regurgitation occurs, and faeces In jaundice 
the skin and conjunctiva are stained by bilirubin 


Approximate Percentage Composition of Human Bile 


Constituent 



Bile salts 

6 0 

0 72 

Mucus and bile pigments 

30 1 

0 40 

Cholesterol 

0 38 

0 06 

Fat, including lecithin and fatty acids, 
free and combined 

0 82 

0 07 

Inorganic salts 

0 80 

0 75 

Total solids 

11 0 

20 

Water 

89 0 

98 0 


Notes The figures for bile salts cholesterol and total solids are the a-vernges 
worked out by Fox from a study of the literature He gives the ranges only for 
cholesterol which are as follows Bladder btle 0 01 to 1 30 fistula bile 0 004 to 
0 160 per cent So many different methods have been employed and the records 
aro scattered over so many years that little of value would result from working out 
the ranges for other constituents 

Bile Pigment and its Derivatives 
Examination of the unno and the cycle of bilirubin have already 
been discussed Except m the case of gross diarrhoea, bilirubin is 
said never to be excreted in # the feces of adults, but is present in the 
stools of very young infants ( cf p 459) Further investigation of 
the dark feces m acholuric jaundice and pernicious anecmia is 
required, however, for in some cases it has been found -in the writer’s 
laboratory that the excessive amounts of stercobilin and its 
chromogen are accompanied by small guantities of bilirubin 
Biliverdm is excreted m meconium, and is responsible for the green 
colour Otherwise bilirubin is alwaj s reduced in the large intestine 
and excreted as stercobihnogen and stercobilin Examination of 
the feces for the last two (see Chapter XXIV) is useful in tho 
diagnosis of obstruction and in watching the progress of a case of 
jaundice It has been stated that when the obstruction is complete 
the feces are devoid of stercobilin and its chromogen, hut, in common 
u itli several other observers, the writer has never failed to find slight 
traces of tho pigment or its chromogen, even in proved cases of 
complete obstruction The probable explanation of this is that 
bilirubin passes from tho blood of these severely jaundiced patients 
into the bowel, where it is reduced by bacteria in tho usual waj 
Those who hold that the reduced bilirubin is completely absent 
have probablj used less sensitive methods, or have failed to examine 
for the chromogen In cluucal work' tho finding of mero traces 
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of stercobihn and stercobihnogcn is a point strongly in favour of 
gross obstruction In catarrhal jaundice and in toxic hepatitis 
daily fecal tests will frequently enable the return of bile into the 
intestine to be detected several days before there is any obvious 
improvement in the jaundice Methods for measuring approximately 
the concentration and output of stercobihn plus stereo bihnogen have 
been devised (cf Wilbur and Addis), but are of doubtful value in 
clinical work owing to the great variations m different normal 
individuals, and m the same individual on different days 

Examination of the gastric contents or vomit is of no value, 
beyond the fact that the presence of bilirubin obviously excludes 
complete obstruction of the bile passages Examination of the 
duodenal contents is discussed in Chapter XXIII It is of limited 
value 

Examinations of the urine and of the blood are the most 
important There are three methods of testing the blood (for 
technique see end of this chapter) 

Fointfiet’s test is useful in cl unci I work It always gives positive 
results v hen the bilirubin content is 1 in 60,000 (i e , 3 3 Van den 
Bergli units, or 1 7 mgm of bilirubin per 100 c c ), or more At 
times it will detect less , some 6era give positive results when the 
bilirubin is only 1 mgm per 100 c c The normal serum bilirubin 
is 0 1 to 0 6 mgm Therefore if Fouchet’s test is positive, bilirubin 
is present in pathological amount On the other hand, the test is not 
sufficiently sensitive invariably to reveal slight hyperbilirubinemia, 
such as is often found in pernicious ansemia 

Mculengrachl’s test (Icterus Index or Bilirubin Index) is a measure 
of the intensity of the yellow colour of the serum In most, but nob 
all cases, it is fair to assume that the yellow is mainly due to bilirubin 
(cf Chapter XVIII) The chief practical difficulty is to avoid 
iuemojysis during collection of the blood It is generally agreed 
that an index above 6 indicates hyperbilirubinemia Most workers 
consider that normally the index may be as low as 1, but Bernheim 
regards any figure less than 4 as constituting hypobilirubinienua 
Forster, using this method, gives the normal range of bilirubin as 
0 24 to 0 97 mgm per 100 c c of serum correspondingly approximate^ 
to an index of i to 5 In latent jaundice the icterus index usually 
lies between 6 and 15 The chief value of the test is in -hypo* 
bibrubinaenua, in which quantitative measurements by Van den 
Bergh’s method are difficult or impossible At the same tune, the 
significance of hypohihrubmirmia clinically has not been established 
In the writer's experience it is extremely common to find little or 
no bilirubin in the sera of infants and children In clinical work, 
therefore, the icterus index rarely, if ever, gives more information 
of value than Van den Bergh’s test, and in hyperbilirubinemia it 
certainly gives less The writer ha*, therefore, practically discarded 
it except m carotinsemia, and when there is a suspicion that the 
yellow colour of a serum is not mainly due to bilirubin In the latter 
even the combination of Meulengraeht’s and Van den Bergh’s tests 
is often useful 
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In Van den Bergh’s test there are two distinct processes* In the 
first, known as the “ direct reaction,” the diazo reagent is added 
directly to serum or plasma, and any colour change and the time 
taken for its development is noted In the second the serum is 
treated with the diazo reagent, and the proteins are precipitated 
with alcohol, which also extracts the azobihrubin The intensity of 
the resulting purplish red is measured quantitatively 

Normal sera give a rtegativ e direct reaction in the sense that no 
colour appears within about thirty minutes after adding the reagent 
Some normal sera do show a reddish tint if the mixture is observed 
for longer periods, e g , one hour , this can clearly be demonstrated 
by the simultaneous preparation of a comparison tube containing 
serum, but water instead of the diazo solution 

Pathological sera containing excess bilirubin may or may not 
give a positive direct reaction Those giving a negative response 
were said to contain the excess of bilirubin m the ‘ non direct ’ 
form or hsemobilirubm This was regarded as the physiological type 
of bilirubin formed m the reticulo endothelial system from hsemo 
globin (see Tig 49) It was thought that hsemobilirubm was picked 
out of the blood by the bver, and during its passage through the 
polygonal cells (c/ McNee) was changed in some way into chole 
bilirubin (see below) Hypeibilirubmaimia with a negative direct 
reaction is observed particularly m hsemolytio icterus, acholuric 
jaundice, etc , and in some cases toxic jaundice without 
obstruction 

It was stipulated that sera giving a positive direct test contained 
some bilirubin which had passed through the liver cells but had 
then been reabsorbed owing to obstruction at some level in the 
biliary channels , this ty pe of bilirubm was called u direct bilirubin ” 
or “ cholebdirubin ” There might be gross anatomical obstruction 
as by a gall stone inside or by compression by a tumour outside the 
bile passage, 'or it might be neces a *irv to postulate obstruction from 
inflammatory swelling or accumulation of mucus, etc In many of 
these cases the direct reaction was not intense enough to account 
for the whole of the bilirubin in excess of normal, so there was both 
cholebdirubm and an excess of hsemobilirubm , accordingly there 
was 'both obstruction and excessive "breakdown of "haemoglobin to 
hsemobibrubin or obstruction and accumulation of biemobilmibm 
m the blood owing to the inability of the damaged liver cells to piss 
it all through 

In the test tube when alcohol is used all the bilirubin is always 
converted into azobihrubin in Van den Bergh's reaction, so it was 
stated that alcohol converted non direct hamobihrubm into direct 
cliolebihrubin 

There can now be little doubt that most of these theoretical 
conceptions were premature Experimentally in dogs, Mann el a l 
found that after removal of the liver first an increased indirect and 
then a direct reaction developed, showing that liver cells are not 
necessary for the formation of cholebihrubin Clinically a positive 
direct reaction has been observed m some cases of acholuric jaundice, 
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in the absence of obstruction by pigment stones Further in clinical 
•work it w now generally agreed that a positive direct reaction is of 
little or no help in deciding whether obstruction exists Hyper 
bibrubimemia of several units with a negative direct test is usually 
associated with icterus of the hsemolytic type, but even that 
combination is not absolutely diagnostic Hyperbilirubinemias 
with delayed and increasingly positive direct reactions are certainly 
not limited to any one type of jaundice There is really no generally 
accepted convention as to what exactly constitutes a positive direct 
test , as mentioned above, some normal sera develop a reddish tint 
after the direct addition of diazo reagent if they are observed for an 
hour The writer’s opinion is that the direct reaction is almost 
valueless in clinical work 

Chemically many investigations have been made on the two 
types- of bilirubin (Andrewes, Collinson and rowweather, Davies and 
Dodds, Newman, Roberts, Hunter, Griffiths and Kaye, rowweather, 
Griffiths, among others), or more exactly on biological Baida or 
extracts thereof which contain bilirubin and do or do not give a 
direct reaction The two types have never been isolated each m a 
state approaching purity, and unchanged There may be two types, 
but it is equally possible that it is not the bilirubin but the impurities 
or other factors influencing the diazo reaction which differ, and that 
alcohol removes the interfering factors 

The writer is reminded of hxa experience with diazo tests for in dican in urutoa 
m which the (mine diazo reagent is employed, though the acid mixture is finally 
made alkaline to obtain a characteristic pink or red colour (see p 97 ior reaction 
applied to serum) Some unnes give a direct ’ test with the diazo solution 
many which do not may be made to do bo by first precipitating with two volumes of 
alcohol and applying the test to the filtrate , in the language corned for Van den 
Bergh s test they givs an indirect reaction for indican l Of course indiean and 
bilirubin may or may not be analogous in behaviour 

Until more is known of the chemistry of bilirubin "(cf Lemberg) 
and of its diazo reaction in particular, it would be wise to set on one 
side the theories developed from the findings by Van den Bergh 8 
test In the meanwhile the quantitative indirect reaction is the 
most practicable method for estimating the (total) bilirubin of 
serum in clinical work The direct test (qualitative or quantitative) 
is of doubtful value and in routine work might be omitted 

This suggestion fits in with the general experience of the value of 
Van den Bergh s test clinically Its chief use is in patients having 
suluctenc or peculiar yellow tints of the skin or conjunctiva, in that 
it enables -a statement to be made as to whether or not there is an 
excess of bilirubin m the blood So far as is known, of substances 
found m biological fluids, only bilirubin and bihverdm give the red 
colour with the diazo reagent in acid solution In addition, the tea 
gives a rough measure of the degree of hyperbilirubinemia This is 
often unnecessary in diagnosis, but may be useful m following 

Pr °It <is stateefye g , Hunter, Weiss) that the renal threshold l » 
different for the types ’ of bilirubin, that for luemobilirubin 
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in Iuemolytic icterus being higher — 2 5 to 9 mgm per 100 c c 
(6 to 18 units) — than that for cholebilirubin in obstructive jaundice— 
1 5 to 2 mgm (3 to 4 units) In the writer’s opinion this needs 
re investigation, using the modem more sensitive tests (Hunter’s, 
Fouchet’s) for bilirubin in urine From preliminary observations 
in his laboratory he is not convinced at present that there are two 
different thresholds, and certainly bilirubin can often be detected 
in the urine by the sensitive methods vs hen the corresponding blood 
bilirubin is 0 5 to 1 0 mgm (I to 2 units) 

The main findings as regards bilirubin and its derivatives in 
blood, urine and fasces are summarised in the table on p 247 

Bile-salts 

Tfrine examination and the cycle of bile salts have already been 
discussed Bile salts are found in the faeces only m gross diarrhoea 
Normal blood (Rowntree ei al ) contains 2 5 to 6 0 mgm per 100 c c 
(as glycochohc acid) In obstruction the blood bile salts rise to 
about 15 mgm or less With persistence of obstruction the 
percentage of bile salts m the blood falls, though it may remain 
slightly above normal In other words, the blood shows changes 
parallel with those in the urine 

The method (Aldrich and Bledsoe) used in the above observations 
is an application of the Pettcnkofer reaction to alcoholic extracts of 
blood As the authors emphasise, it is not specific and is likely to give 
maximum values It is still under tnal, and its value in clinical 
work is not yet established, though it is obviously of the greatest 
importance in studying the metabolism of the bile salts According 
to Rowntree bile salts are not the cause of the pruritus often 
observed clinically in jaundice 

Using Szilard s method much higher values for serum bdfc salts 
have been reported (Shattuck ei dl , Katayama), the normal range 
bemg 5 to 12 mgm (as sodium glycocholate), and values as high as 
200 mgm per 100 c c occurring m catarrhal jaundice Using this 
method the renal threshold for bile salts appears to he at about 
20 mgm per 100 c e of plasma, thus accounting for the absence of 
bile salts from the urine when biliary obstruction is chrome 

When, owing to obstruction, bile salts do not reach the 
intestine, fat is not properly emulsified and absorbed, whereforo the 
blood does not contain the normal quantity of minute fat particles 
after a meal rich in fat On this basis Brule introduced his so-called 
hasmocoma test, in which the blood is examined under dark groun 
illumination If the number of fat particles (hsemocoma) is great!) 
diminished after a suitable meal, it is deduced that bile salts are 
deficient or absent The method is of value as a rough qualitative 
test 


Cholesterol 

Cholesterol is excreted virtually entirely in the bile (cf Chapter* 
V and XXIII) It is derived partly from the diet an« 
endogenously, there being now little room for doubt that cho e 
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can be synthesised in the body, as well as being formed by the 
breakdown of old red blood corpuscles Probably the bulk of the 
bile cholesterol is not reabsorbed in the intestine, but is reduced 
to coprosterol and excreted in the feces Estimation of coprosterol 
in the feces, however, is a relatively complicated procedure, and so 
far as the writer is aware has not been attempted as a clinical test 
of obstruction to the bile passages 

Very contradictory conclusions have been published as to the 
clinical value of blood cholesterol determinations in diseases of the 
bile passages but it is probably fair to state that significantly high 
values are encountered onlj in gross obstruction (c/ Gardner and 
Gainsborough) Fox points out that the entire suppression of one 
day s bile output would only raise the blood cholesterol 10 mgm 
per 100 e c , so that in the absence of obvious jaundice, and therefore 
of any serious grade of obstruction, it is unlikely that blood 
cholesterol estimations will be of any clinical assistance When 
jaundice is present a high blood cholesterol points to the presence of 
obstruction, and thus may occasionally provide information of value, 
though usually the presence of obstruction will be diagnosed with 
certainty without resort to blood analysis From the above it is 
easy to understand why blood cholesterol determinations have been 
bo disappointing m cholelithiasis which is the disease m which such 
analyses might have been expected to be of value, since gall stones 
so often contain very large proportions of cholesterol For further 
discussions of blood cholesterol, see Chapters V and XIX 

METABOLIC FUNCTION— (a) CARBOHYDRATES 
One of the most important functions of the liver is its “ glycogenic 
function,” which term generally embraces both the formation of 
glycogen (gly cogenesis) from monosaccharides (mamly glucose), and 
the breaking down of glycogen (glycogenolysis), into glucose 
Obviously it is impossible to obtam any measure of the glycogen 
content of the liver m living man, and clinical observations are 
limited to blood and unne examinations for sugars Further, such 
observations are limited to the peripheral blood, it being obviously 
impossible to secure portal blood 

Slight glycosuria is not uncommon m patients who have disease 
of the liver, but it is often difficult or impossible to decide whether 
damage to the liver or coincident pancreatic disease is the cause 
The original “glucose tolerance test,” which consisted of gu mg 
increasing doses of dextrose by mouth and noting the smallest 
amount which caused glycosuria, has f illen into disuse The result 
depends upon the rate and degree of absorption from the intestine, 
the efficiency of the liver and of the pancreas, the kidney threshold, 
etc A blood -sugar curve after DO gm of dextrose (see Chapter VII) 
the modem “ glucose toleranco test,” is likewise of little or no value 
as a test of liver efficiency, since other factors (e g , the pancreas) 
are often of moro importance A curve after 50 gm of lrovulose, 
lion ever is generally considered to be of more value, though here 
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again it is often impossible to assess the influence of coincident 
pancreatic disease In completely dehepatised animals, extreme 
bypoglyciemia sets in at once, but nothing corresponding to this 
has been observed clinically in liver disease, although chronic 
hypoglycemia has teen reported in a few patients with extensive 
liver damage 


The Lmvulose (Fructose) Tolerance Test 
The test is earned out in exactly the same way as is the glucose 
tolerance test (sec Chapter VII), except that 60 gm of hevulose 
(fructose) are given instead of 60 gm of dextrose The blood 
analyses are the essential part, urine tests for fructose being of 
little or no importance, since a 
renal threshold for fructose is 
either low or non existent In 
fact, tests for reducing substances 
m the urine may be omitted in 
making the Imvulose test though 
of course they should always be 
made as part of the routine 
examination of the patient 

Normally after 60 gm of 
hevulose the blood sugar does 
not rise Significantly, probably 
due to the fact that the absorption 
of fructose from the intestine is 
slower than that of glucose In 
other words, the blood sugar 
“ curve ” is a straight line or 
nearly eo It is now fairly 
generally agreed that the curve 
is not pathological, unless the 
difference between the highest 
and the initial blood sugar 
exceeds 30 mgm (t f TaUennan) 

If amounts greater than 50 gm 
are given the curve is higher and 
approaches nearer to the curve 
after a similar dose of glucose The dose of lasvulose therefore is 
important Spence and Brett recommend 50 gm for a person o 
80 kgm , 40 gm for 60, and 30 gm for 40 kgm It is a common 
practice, however, to use 50 gm for all adults, and this appears to 
satisfactory In children the writer has found about 1 gm 0 
lajvulose per kgm suitable . . 

In certain cases of hepatic disease the curve is raised an 
prolonged (Fig 50), but in quite a number of patients with extensive 
involvement of the liver it is not It has been useful in toxic >' 
damage (e g , salvaraan, chloroform, phosphorus, atophan poisoning/ 
and is often positive in catarrhal jaundice and may be in obsfcnic 
jaundice, rnsboth of which it is generally superfluous in ramon 0 





LIVER FUNCTION TESfS 


25-1 


diagnosis Indeed, in the extensive investigations of Greene, 
Rowntree, Snell, Walters, et al , the general conclusion is reached 
that a positive finding (tc, a raised and prolonged curve) is 
occasionally of value in combination with other tests of hepatic 
efficiency, but that a negative result is of little or no significance 
Several workers have found the Isevulose tolerance test useful in 
assessmg the risk of poisoning when treating syphilitic patients with 
salvarsan or its derivatives, and occasionally m following the progress 
of a case of toxic jaundice (e g , salvarsan, lead or atophan poisoning) 
The writer would now reserve the test for this type of problem and 
for special investigations, since it is tune consuming and of doubtful 
value m routine work 

The blood sugar curve after kevulose is invariably raised and 
prolonged in diabetes melhtus, presumably due to a deficiency of 
endogenous insulin It is possible that the positive results m toxic 
jaundice, etc , are likewise due to pancreatic damage It has been 
assumed that m health the liver changes fructose into glycogen so 
rapidly that the sugar m the peripheral blood does not rise, and that 
in liver disease the hyperglycemia is due to a reduction of the 
number of liver cells, or due to a depression of their function But 
it has been shown that fructose is less rapidly absorbed from the 
intestine than glucose, and this alone may account for the “ straight 
line curve ’ in health In those patients with liver disease and 
hyperglycarma after fructose, the hyperglycaamia may be due to 
coincident pancreatic lesions and endogenous insulin deficiency 
It is possibly significant that many cases with very gross liver damage 
but without jaundice give a negative lamilose test, and that the 
greatest proportion of positive results is obtained m toxic jaundice, 
m which it is not unlikely that there is a coincident pancreatic 
lesion Mann et al , from their experimental work, conclude that 
fructose tests cannot be regarded as specific for hepatic function 

The above remarks apply to the results of determining the total 
sugar m the blood after the administration of fructose Recently 
Roe and Scott have published methods for the estimation of the 
fructose itself in the blood 

The Galactose Tolerance Test 

Galactose has been used to test hepatic efficiency for many 
years, particularly m Germany, but has never been universally 
adopted The subject has recently been reviewed by Shay el al , 
v hose work has again roused considerable interest m this sugar 
In spite of some evidence to the contrary, the following is a fair 
summary of the points in its plij siology with regard to liver function 
testing It is rapidlj absorbed from the intestine, even more readily 
than glucose, the ratio of the rates of absorption of galactose, 
glucose and fructose being respectively 110, 100 and 43 (Con) It 
is not, however, so easily converted into glj cogen bj the liver as the 
other two monosaccharides, and if given in excess of the liver’s 
immediate capacity, it passes mto the general circulation, where 
again it is less readilj utilised (by the muscles, etc ) than the other*" 
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two, and is therefore excreted in the urine About 40 gm of galactose 
is the maximum dose with which a liver whose cells are not damaged 
can deal, a doso which seems to be independent of sex, age and body 
weight After this amount m health the peripheral capillary 
blood sugar usually rises just as much as, and even higher than 
after the same dose of glucose, but this rise is presumably due mainly 
to glucose formed from liver glycogen, and not to galactose, because 
not more than 3 gm appear in the urine during five hours after oral 
administration of 40 gm , in spite of the fact that there is no renal 
threshold for galactose In the case of this sugar, then, it is the 
amount excreted m the urine which matters , the blood sugar level 
and blood sugar curves are of no assistance 

Clinically the value of the test in the form proposed is that it 
is of some help in differentiating jaundice due to damage to liver 
cells from that due to mechanical obstruction or hsemolytic ui 
origin Thus Shay el al quote from "Wbrner 133 positive results 
in 165 cases of catarrhal jaundice, but only 9 positive out of 132 
cases of jaundice due to tumours and gall stones Naturally the 
differentiation is not absolute, because the hrer cell damage ma> 
not be severe enough in catarrhal jaundice at the tune of the test 
to give a positive result, and in long continued obstruction the 
secondary damage to the liver cells will produce a positive finding 
As usual the laboratory report can only be interpreted in the light 
of the clinical evidence, and in some instances interpretation must 
remain difficult or a matter of personal opinion Clearly m diabetes 
mellitus or in any other pre existing glycosuria, it is of no use 
merely to estimate the unnary output of total reducing substances 
after a dose of 40 gm of galactose, but Shay et al maintain that the 
test is still of value in such coses if the glucose is first removed from 


the urme by fermentation 

The technique recommended bv these authors is as follow^ 
No food is allowed overnight or at breakfast time In the morning 
the subject empties the bladder completely, and then drmhs 40 gm 
of pure galactose dissolved in about 500 c c of water with lemon to 
flavour Subsequently urme is collected hourly for a total of five 
hours though the intervals need not be exactly of sixtv minute* fU 
Jmj" as .the -five -hours nnllentmu js nmqnlfite The initial parnph & 
tested to make sure of the absence of pre existing glycosum hw 
of the subsequent specimens js tested qualitatively for reducing 
substance the positive samples are mixed, the total volume i 
measured, the sugar is determined quantitatively by Benecjtf ^ 
method (25 c c of Benedict’s quantitative reagent are reduce 
0 054 1 gm of galactose), and the file hours’ output of sugi r 
calculated Normally 0 to 3 gm are excreted j 

In patients with glycosuria, a sample of the combined anti W ^ 
urme is first treated with yeast to remove the glucose One pa 
urme is mixed with 7 7 parts of the yeast suspension, kept for u ^ 
five minutes at room temperature, cleared by centruugWo ^ 

i 0 054 is the equivalent quoted by Bensley (Canal Mel As*oc l- 
360) G D scombe 1a the writer s laboratory xnahea it 0 058 
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filtering, and the galactose content determined by Benedict’s 
method To prepare the 10 per cent jeast suspension, a weighed 
amount of fresh commercial yeast is suspended m about 5 parts of 
water and centrifuged The deposit is resuspended m a similar 
volume of water, and the process is repeated until the supernatant 
fluid is clear and colourless and does not reduce Benedict’s qualitative 
reagent Finally the deposit is suspended m water, of which 10 c c 
is used for every 1 gm of yeast originally weighed out Of the 7 7 
parts of suspension, 0 7 is allowed for the volume of the yeast cells , 
the urme dilution is therefore 1 m 8 

Alternatively the galactose may be estimated polarimetncally 
(specific rotation [«]f> -f- 80 5°) 

. METABOLIC FUNCTION— (6) PROTEINS 

The discovery of leucine and tyrosine in the urine m acute 
yellow atrophy is a very old observation, but it has been shown that 
the necrosis is responsible for these They occur when there is gross 
destruction of any tissue, and not only of the liver (Cf Chapter IV ) 
Protein is hydrolysed to amino acids in the intestine The 
ammo acids are absorbed into the portal blood Some are utihsed 
by the tissues Some are deamimsed by the bver, the ammonia 
being converted into urea Several attempts to devise means of 
measuring the functional efficiency of the liver on the basis of the 
above facts have been made Thus the mtrogen partition of the 
urme or of the blood, the ammo acid mtrogen of the blood or the 
output of ammo acids in the unne, the urea percentage of the blood 
or the output of urea, blood urea curves after a meal nch in protein 
or after the ingestion of ammo acids (glycme (Witts) ), and excretion 
of ammo acids after their ingestion (glycme, alanine, asparagine), 
have all been mvestigated, and have all been of little or no value 
clinically This is readily understood from the experimental work 
of Mann ct al In the liverless dog there is an increase in the blood 
of a substance giving the colour reactions of unc acid, but m hepatic 
disease in man the blood uric acid is not raised except when there 
iir gross- ubsvVmatiinr oi r Assmr (tiumte' ymYbw strupiryf 

It may be concluded therefore that there is no satisfactory 
clinical test based on the share of the liver m protem metabolism 

METABOLIC FUNCTION— (c) FATS 
The liver plays an important part in fat metabolism in view of 
the excretion of bile salts which are necessary for the proper 
emulsification and absorption of fats It also stores and 
dcnturates fats, which arc mobilised from the fat depots 
(subcutaneous tissues, etc ), but no clinical test of this function 
lias been dm ised 

The importance of tlio bile salts has already been mentioned in 
reference to the urme the blood, and the cycle of bile salts Their 
influence on the differential estimation of fat m ficees remains for 
discussion 
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Fat in Fzeces 

When bile salts are prevented from entering the intestine, the 
absorption of fata is defective, but the splitting by pancreatic lipase 
is usually unaltered In obstructive jaundice therefore the total 
fat is excessive, but the proportion of split fat is normal unless 
the obstruction also includes the pancreatic duct 

Normally, of the dried faeces not more than one fourth is fat, 
and of that fecal fat not more than one fourth is unsplit neutral 
fat (For proportions m children’s feces, see Chapter XXIV ) In 
obstructive jaundice the total fat often rises to 50 per cent or higher, 
but in uncomplicated obstruction the split fat (free fatty acids plus 
soaps) generally constitutes 70 per cent or more of the total fat _ 
If there is also obstruction to the pancreatic duct or gross destruction 
of the pancreas, the split fat is less than 70 per cent of the total fat, 
sometimes much less, e g , 50 to 20 per cent 

Whilst the above may be taken a? a Tough guide, the 
interpretation of fecal fat analyses in lesions of tho liver and biliary 
passages is often difficult This is particularly the case when 
coincident pancreatic lesions are possible or probable The 
influence of the amount of fat in the diet, and the possible 
lipolytic action of bacteria have also to be considered For further 
discussion and the methods of estimation, see Chapters XXTV and 
XIII 

In obstructive jaundice the feces are pale, partly owing to the 
failure of bilirubin to enter the intestine and partly owing to the 
excess of fat The stools are often bulky, due mainly to the large 
proportion of fat The passage of bulky fatty looking stools is 
commonly called “ steatorrhcea,” though strictly the term should 
be limited to the passage of fatty feces wluch are liquid when 
passed and set on cooling (see Chapter XIII) 

In haemolytic jaundice the stools aie dark owing to the excess of 
stcrcobihn and a differential estimation of fat gives results witlun 
normal limits 


Blood Lipase 

The liver, tho pancreas, and all the tissues m nhich fat is stored 
contain lipases The blood plasma also contains traces of Upases 
Whipple et al found that the plasma lipase m dogs rose considerably 
after hver poisoning with chloroform, phosphorus or hydrazine 
In man an increase in plasma hpase has been reported in the more 
acute types of hver disease (eclampsia, salvarsan poisoning, acute 
yellow atrophy, catarrhal jaundice, etc ) but is uncommon in chronic 
hepatic lesions 

The methods of estimation employed in clinical work are 
unsatisfactory, and the physiological basis of the test as a measure of 
hepatic disease has not been established The influence of pancreatic 
lesions and of other possible factors has not been determined 
Further investigation is required 
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* THE ANTITOXIC POWER OF THE LIVER 
Unabsorbed food and the digestive fluids poured into the gut 
are subject to putrefaction by the enormous quantities of bacteria, 
particularly in the large intestine Certain toxic products are 
formed by the bacteria, and are absorbed, and would cause damage 
if they were not rendered inert by the liver or possibly by other 
tissues In addition, certain drugs and poisons are similarly made 
harmless The chief methods of detoxication are oxidation, 
reduction, and combination (conjugation) with otner substances 
to yield non toxic compounds Some toxic products may be 
excreted in thejule It is with reference to conjugation that most 
attempts to devise teats of liver efficiency have been made The 
two principal methods of conjugation are with sulphates and with 
glycuronates Thus indoxyl, which is formed by the action of 
bactena on tryptophan, may be conjugated with either, yielding 
potassium indoxyl sulphate (indican) or salts of indoxyl glycuromc 
acid The degree of indicanuria, however is useless as a liver 
function test It depends also on the amount of tryptophan 
exposed to the action of bactena and the type of bacterial flora 
Indicanuria is sometimes practically absent, sometimes very marked 
in liver disease Measurements of indican excretion after known 
doses of indole, or of the increase in excretion of ethereal sulphates 
after the administration of thymol, have also faded as chmcal tests 
of hepatic efficiency The same general conclusion applies to other 
substances which have been tned m order to provoke conjugation 
eg , camphor, cresol, guaiacol, menthol, paracresol, phenol, salicylic 
acid The explanation of this may be that conjugation can occur 
m other tissues than the liver Mann et al found in the hverless 
dog that there was no diminution of the power to conjugate phenol 
Though obviously, from its anatomical position, the liver in health 
must be a very important organ for detoxication it is quite 1 lively 
that m disease other tissues can take on the function, for which 
reason tests of liver efficiency depending on conjugation have been 
disappointing 

WulaJ si al introduced another test which, m their opinion, 
depended on the power of the liver to deal with proteoses or peptones 
derived from the breakdown of proteins in the intestine If the 
liver was diseased they suggested that these protein products would 
pass into the general circulation, and cause signs of protein shock 
or a “ haemoclasic crisis ” (leucopema, fall of blood pressure, etc ) 
There is, however, no evidence that proteoses or peptones can pUss 
into the portal circulation, and the general conclusion from both 
experimental (Mann) and clinical observations is that the test is of 
no value as n measure of hepatic efficiency 


HEMOPOIETIC FUNCTIONS 

The frequency of hemorrhages in hepatic diseasb and the gravo 
risk of post-operative oozing of blood in jaundiced patients is an 
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old clinical observation In such cases the coagulation time is 
generally normal, but tlie bleeding time is often increased, and 
its determination provides a useful warning before operation. 
Intravenous injection of calcium chloride is a valuable prophylactic 
measure Haemorrhage is especially troublesome in obstructive 
jaundice Several explanations of these observations have been 
attempted Though the total calcium of the serum is practically 
always normal, it has been suggested that less ionised calcium is 
available for coagulation owing to its partial fixation by the excess 
of bilirubin in circulation That this is an unsatisfactory exphna 
tion, however, is readily shown by calculating the amount of calcium 
which could possibly be fixed by the circulating bilirubin 

Foster and Whipple have concluded that the liver is the mam 
if not the only source of fibrinogen, but they have found that tissue 
injury (including inflammation) is an efficient stimulus to increased 
fibrin production It is clear therefore that a determination of 
blood fibrinogen cannot be used as a measure of hepatic efficiency. 
At the same time a deficiency of fibrinogen due to liver disease 
may be a cause of the delay m coagulation 

It has been found that when the blood fibrinogen is low the 
coagulation time may be normal, but the clots may be too delicate 
to prevent haemorrhage, and Mann et al have noted much oozing 
several hours after complete excision of the liver in dogs 

EXCRETION OF FOREIGN SUBSTANCES 
Bile may be regarded as the excretion of the liver m the same 
way as urrne is the excretion of the kidneys The liver is the mam 
excretoiy path in the portal circulation, the kidneys m the general 
circulation The excretion of the normal ingredients of bile has 
already been discussed In addition the liver may throw out, in the 
bile, organisms (e g , typhoid), drugs and poisons The bile would 
appear to be the chief medium for the removal of fats, lipoids, and 
fat soluble dyes (e g , Sudan III) Lastly, certain water-soluble 
dyes are excreted mainly or entirely by the liver, just as others are 
by the kidneys (c/ Chapter V), and this observation is the basis of a 
useful method of measuring liver efficiency 

Either the fseces or the bile obtained by duodenal intubation 
may be examined for the dye, which is administered parenteraily, 
but the most satisfactory procedure has been a determination of 
the amount of dye left m circulation at given intervals after 
intravenous injection The dyes employed include phenoltetra 
chlorphtholem, bromsulphalem, and rose bengal Graham has 
pointed out that one injection of phenoltctraiodophthalcm may 
be used both for the blood dye test and for cholecystography Just 
as, broadly speaking there is a parallelism between the excretion 
Of urea and phenol red m the urine, so there is between the excretion 
of bilirubin and of dyes in the bile Perhaps, partly for this reason 
and partly for the natural hesitation in employing an injection 
which, if badly made, may cause severe local reactions and even 
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sloughing, the dye tests of liver function have not so far been 
extensively employed in this country The latter objection, however, 
does not apply to bromsulphalem, which is non toxic and non- 
irritant 

PhenoUetrachlorphthalem (Rosenthal) 

The patient is weighed and 5 mgm of the dye per kgm are 
injected intravenously Blood is taken from the opposite arm 
fifteen minutes, one and two hours later Serum or plasma is 
separated in the usual way, haemolysis bemg avoided If, however, 
hsemolysis does occur the haemoglobin may be precipitated vith 
acetone, though the extraction of the dye by acetone is not quite 
complete (Bloom and Rosenau) A trace of alkali is added to each 
of the three sera to develop the maximum colour Determinations 
are made colonmetncally by comparison with standard tubes of the 
dye, the technique bemg similar to that described for bromsulphalem 
in the next section Results are expressed as percentages of an 
assumed initial concentration of the dye in the plasma Variations 
in plasma volume introduce slight inaccuracies, which may generally 
be disregarded 

Normally, only 2 to 7 per cent of the dj e is left in circulation 
fifteen minutes after injection and less than 3 per cent at the end 
of an hour The hourly period is the one usually selected In liver 
disease, after this interval as much as 50 per cent of the dye may 
still be in circulation, and figures over 20 per cent are common 
Normally, only the merest traces appear m the unne, and 
inconstantly In some cases of liver disease larger quantities are 
excreted in the urine, owing to dye retention in the blood 

Bromsulphalein 1 (Rosenthal and Whitc^ Bulmer) 
Bromsulphalem, or phenoltetrabromphthalem sodium sulphonate, 
is a whitish powder which is freely soluble in water, non irritant 
and non toxic in ordinary doses After intravenous injection nearly 
all is excreted m the bile, mere traces appearing in the unne 

Tlie patient is weighed and 2 mgm of the dye per kgm are 
injected into a vein of one arm A 5 per cent solution is usually 
employed and is injected slowly (one or two minutes) with a 5 c c 
syringe At the end of thirty minutes about 5 c c of blood are 
withdrawn from the other arm The serum is separated and placed 
in two small test tubes of the same bore as the standard tubes 
To one of the tubes 1 or 2 drops of 5 per cent sodium hj droxide 
are added to bring out the colour of the dye, and to the other the 
same volume of distilled water, unless there is hemolysis, in which 
case 1 or 2 drops of 10 per cent hydrochloric acid are added, thereby 
changing the hsemoglobm to acid h-mnatm, u Inch is of approximately 
the same tint as that of the alkaline hwmatin formed in thealkalmiscd 
serum The colour of the unknown is then compared n ith that of 
the standard in a comparator, a tube of distilled water being placed 

1 A sterile 5 per cent solution o{ the dyo in ampoules is prepared by Itynson, 

W estcott end Dunning 
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behind the unknown, and the tube of serum plus distilled water 
(or HC1) bemg placed behind the standard tube In tins way 
compensation is effected for colours m the unknown other than that 
due to the dye Slight kasmolysis is permissible owing to this 
method of compensation, but if gross haemolysis lias occurred during 
collection of the blood, direct colour comparison is difficult, and the 
dye must be extracted with acetone, or the test must be repeated 

The 100 per cent standard is prepared by dissolving 4 mgm of 
the dye in about 70 c c of distilled water, adding 5 c c of ^ per cent 
sodium hydroxide {or its equivalent), and making up to 100 c c 
with distilled water A senes of standards from 5 per cent upwards 
is prepared by dilution with 0 025 per cent sodium hydroxide, and 
stored m the dark 

The 100 per cent standard represents the amount of dye that 
would be present m the blood plasma immediately after the injection. 
It is an arbitrary standard calculated on an assumed blood volume 
as follows — 

Let the body weight be x kgm Then the quantity of dye 
injected is 2x mgm It is assumed that the plasma volume is 50 c c 
per kgm of body weight (cf Chapter XIX) Therefore tiie total 
plasma volume is 50a: c c 

Smce 50a: c c of plasma contain 2a: mgm of dye, 

2x 

1 c c of plasma contains mgm of dye, 

2* X 100 

100 c c of plasma contain — — - — = 4 mgm of dye, 

immediately after injection Therefore the 100 per cent standard 
is made up with 4 mgm of dye per 100 c c of solution 
. Normally, half an hour after injection, the amount of dye left 
in the plasma is nil or a mere trace In diseases other than of the 
liver, dye retention does not exceed 6 per cent In hepatic lesions 
all grades of retention are encountered, even up to 100 per cent 

SUMMARY OF TESTS OF CLINICAL VALUE 
It is convement to summarise the tests under the headmg of the 
different body fluids or excretions which are examined 

Urine Routine chemical examination with especial reference to 
bilirubin , urobilinogen, urobilin, bde salts and glucose Examination 
of deposit for leucine and tyrosine in suspected acute yellow atrophy 
Blood (i ) Bilirubin, using Van den Bergh's test, Fouchet’s 
reaction, or the icterus index The first is of the greatest Value in 
most instances One of the three should always be performed 
on patients with subictenc tints or peculiar yellow colours, and m 
jaundice Even when clinically there is no jaundice, it is advisable 
to carry out Van den Bergn’s reaction as a routine in all patients 
with possible hepatic disorders Latent jaundice may be detected 
as a result 

(u ) Dye tests (bromsulplialein or phenoltetrachlorphthnlem) do 
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not appear to liave been employed much in Great Britain, but in 
American literature they seem to rank second to Van den Bergh’s 
reaction 

(in ) The hevulose tolerance test may or may not be a test of liver 
efficiency, but has been valuable in assessmg the risks of poisoning 
by salvarsan and its derivatives, and in following the progress of 
toxic jaundice 

(iv) The urinary galactose tolerance lest promises assistance m 
differentiating toxic and infective jaundice from other types 

[v ) Determination of the coagulation time and the bleeding time 
in jaundiced patients before operation 

Examination of the duodenal contents {Chapter XXIII), is of 
limited value m cholelithiasis and cholecystitis, and occasionally in 
other disorders 

Fasces Tests for stercobvhnogen plus stercobilin in obstructive 
jaundice as an indication of the degree of obstruction Differential 
estimation of fat is occasionally of value, particularly when a 
coincident pancreatic lesion is suspected 

CONCLUSION 

From the clinical point of view the current tests of liver efficiency 
are disappointing In a small proportion of cases only do they add 
information of value to the clinical examination Since bilirubin 
is a coloured compound, estimations of blood bilirubin are not 
nearly so essential m liver diseases as are estimations of blood urea 
in kidney diseases The writer's routine practice js to examine 
thoroughly the urine and to perform Van den Bergh’s test Ho 
reserves all other methods for special problems, as indicated above, 
or for particular investigations, since it is the duty of those who 
have opportunities in hospitals to work systematically to assess the 
value of tests and to gam new knowledge 

TECHNICAL 

Icterus Index, Bilirubin Index, Plasma Colour, 
or Meulengracht’s Test. 

Principle The colour of the plasma or serum is compared with 
a standard solution of 1 m 10,000 potassium di chromate, the colour 
intensity of which is taken as unity (Index = 1) 

Standard Solution. 

Potassium diehromate . 0 1 gm 

Concentrated sulphuric acid 0 1 c c 

Distilled water . to 1,000 c c 

The sulphuric acid is added as a preservative , in this dilution it 
docs not influence the tint 

If preferred a senes of solutions which are multiples of the above 
may bo prepared so as to obtain standard tubes corrcsjponding to 
indices of 1 up to 10, or 1 up to 20, and bo on Thus a stock solution 
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of potassium dichromate 01 gm, concentrated sulphuric acid 
0 1 c c , water to 100 c c is made up From this the “ 9 ” standard 
is prepared by adding 1 volume of water to 9 volumes of the stock 
solution , the “ 8 ” standard by adding 2 volumes of water to 8 
volumes of stock solution, and so on 

Technique. Serum or plasma is obtained in the usual way 
Three things are to be avoided, hcEmolysis, hpcemia and carohnezmia 
The following are important if hsemolysis is to be prevented All 
apparatus (needles synnge and tubes) must be dry (liquid paraffin 
is useful to lubricate the synnge) Excessive venous constnction 
must not be applied The blood must neither be forcibly squirted 
through the needle, nor centrifuged at rapid rates, lest hzemolysis 
result from mechanical injury to the corpuscles Excess of anti 
coagulants must not be employed (see Chapter XVII on collection 
of blood), but even with the greatest care many plasmas will show 
the absorption bands of oxyhemoglobin if examined spectro 
scopically , it is easier perhaps to secure serum without hemolysis 
The pale reddish tmge makes accurate colour comparisons impossible 
This is the mam difficulty m an otherwise extremely simple test 
Hemoglobin may be removed, together with other proteins, by 
acetone (see below) If the blood is obtained in the morning after a 
night’s fast hpemia and carotuucmia are generally absent In 
some pathological states, however, lipsemia persists throughout the 
twenty four hours under any condition that may be imposed In 
extreme cases of carotmsemia (which are rare) it may be necessary 
to order a vegetable free diet for two or three days beforehand 
Even this sometimes fails On very rare occasions other colouring 
matters are present in the serum 

The colour of the plasma is compared with the colour of the 
standard by placing unknown and standard solution m tubes of 
identical bore (e g “ cordite ’ tubes) If the unknown is more 
yellow than the standard 1 c c is taken and diluted with physio 
logical saline solution adding J or 1 c c at a time, until the colour 
matches that of the standard Thus, suppose 5 c c of saline have 
to be added Then the plasma has been diluted 1 in C Therefore, 
the colour of the original “ unknown ’ uas bix times that of the 
standard Therefore the. leterua index. is. 6. Tnste&rl dilu&uxg 
the unknown till it matches the standard, the two may be compared 
m a colorimeter m the usual way If, however, the colour of the 
unknown is much more intense than that of the standard, it may 
be impossible to compare the two m this u ay Asm all colorimetric 
vork, the colours of the unknown and standard solution should be 
approximately the same if accurate results are to be obtained 

Alternatively the plasma may be compared with the senes of 
standards, the most suitable standard being selected for the final 
comparison In practice the first method is to be preferred The 
tint of the stronger standards often does not match that of the 
unknown, and yet after suitable dilution there may be no difficulty 
in comparing the unknown with the 1 in 10,000 di chromate 
standard 
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A glass disc of suitable colour may be used as standard (Preston) 
The disc should be checked against the dichromato solution 

Use of Acetone to Remove Haemoglobin Precipitate the proteins 
in 1 volume of plasma or serum by the addition of 1 to 2 volumes of 
acetone Tilter or separate the proteins by centnfugmg Compare 
the colour of the filtrate or supernatant fluid with that of the 
standard as described above For dilution use a mixture of 1 part 
of water with 2 parts of acetone Allow for the dilutions when 
calculating the result Thus, 2 c c of plasma were treated with 
4 c c of acetone , 2 c c of filtrate required the addition of 2 c c 
of 67 per cent acetone to match the 1 in 10,000 dichromate standard 
Therefore, the total dilution was 


Therefore, the icterus index of the original plasma was 6 A little 
bilirubin tends to be adsorbed on the protein precipitate In many 
cases, therefore, the result obtained after acetone extraction is 
slightly low 

Ernst and Forster have determined the relation between the 
concentration of the dichromate solution (and, therefore, the 
icterus index) and the bilirubin content in mgm per 100 c c 


Pot Bichromate 

Ictcna Inder 


lin 6 000 

167 

0 329 

lw 6,667 

160 

0 299 

1 in 7,600 

133 

0 269 

lm 8,671 

1 10 

0 210 

1 m 10,000 

100 

0 210' 

1 m 12,000 

0 833 

0180 

1 m 15 000 

0 667 

0149 

1 in 20,000 

0 500 

0117 

1 in 30,000 

0 333 

0 090 


Except in the case of the very low values, the icterus index is 
approximately five times the number of milligrammes per 100 c c 


Fou chet's Test 

Principle The proteins m serum or plasma are precipitated bj 
trichloracetic acid The bilirubin is adsorbed on, and earned down 
with, the protein precipitate The adsorbed bilirubin is oxidised 
by ferric chloride The precipitate therefore turns green, greenish - 
blue or blue (bihverdm or cholecyanxn) 

Technique 

( Trichloracetic acid , 25 gm 

Distilled water 100 c c 

10 per cent femo chloride 10 cc 
To 1 volume of serum or plasma add 1 volume of Fou diet’s 
reagent The mixture may be made in a small evaporating basin 
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or on a porcelain plate Shake thoroughly A white precipitate is 
formed instantly, and this turns green slowly if little bilirubin is 
present If there is much Jnhrubin the precipitate rapidly turns 
green or blue If the precipitate remains white for twenty minutes 
or longer the reaction is negative The test may be performed 
with as little as 1 drop of serum The blood may therefore be 
obt ain ed by puncture of the ear or finger Three drops of serum 
and 3 drops of reagent are usually employed 

Van den Bergh's Test 

The techmcal details have been modified so many times, and 
the test is done in such a variety of ways m different laboratories, 
that the writer cannot hope to cater for all The following simplified 
account describes the technique in routine use in his laboratory, 
and its choice is supported by the work of Godfned whoso piper 
should be consulted for references to other methods 

Principle 

Direct Reaction Serum or plasma is treated with fresldy- 
prepared diazo solution p sulpho phenyl diazonium chloride m acid 
solution Azobihrubm is formed, and in positive reactions the 
treated plasma is red or reddish violet 

Indirect Reaction Serum or plasma is treated with the 
diazo solution and then with alcohol and saturated ammonium 
sulphate The proteins are thus precipitated and the concentration 
of azobihrubm m the supernatant fluid is determined colonmetncally 
by comparison w ith the colour of a standard solution of cobaltous 
sulphate 

Solutions 

Diazo reagent 

| Sulphamhc acid 1 gm 

(A) I Concentrated hydrochloric acid 15 c c 

l Distilled water to 1 000 „ 

| Sodium nitrite 0 5 gm 

' ' l Distilled water to 100 c c 

For use mix 25 c c of A with 0 76 c c of B (or 10 c c of A with 
0 3 c c of B) This mixture of A and B is the diazo reagent, and 
must be made on the day of the test 
Cobalt standard 

Dissolve 2 161 gm of anhydrous cobaltous sulphate in distilled 
water to 100 cc 

The colour of this solution corresponds to that of 1 in 200 000 
bilirubin or 1/2 mgm of bilirubin per 100 c c , or 1 Van den Bergh 
unit It lasts for a few months if stored in the dark 

Collection of Blood Scrum or plasma is obtained in the usual 
waj, the greatest care being taken to avoid hemolysis , it must be 
free from hemoglobin is judged by the unaided eye otherwise tho 
following method will be unsatisfactory (see also under “ Remarks ”) 
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Direct Test To 1 c e of serum or plasma in a centrifuge tube 
add 0 5 c c of diazo reagent, and note the time (start a stopwatch) 
Observe the change of colour, if any, and the tune taken for its 
development Report what is observed, eg , “ mixture became 
red in thirty seconds, and bluish violet in two minutes ” If no colour 
change occurs within half an hour the reaction may be termed 
negative It is a good plan as a routme, and certainly in all difficult 
cases to put up a comparison tube simultaneously containing 1 cc 
of serum and 0 5 e c of water 

Indirect Qualitative Test. This is of little use, since the great 
majority of sera after treatment with alcohol give some colour 
with the diazo reagent, and a negative indirect test is of little or 
no clinical value 

Indirect Quantitative Test (See McNee and Keefer } To the 
mixture of 1 c c of serum and 05 cc of diazo reagent already 
made for the direct test 

add 

2 5 c c of alcohol (absolute or 96 per cent ) 

1 0 o c of saturated ammonium sulphate 
Mix Stand for a few minutes to allow the precipitate to flocculate 
Centrifuge Separate the supernatant fluid of which take a known 
volume (1 or 2 c c ) and compare with the cobilt standards which 
are prepared by dilution of the 2 161 per cent anhydious cobaltous 
sulphate Standards and unluiown are of course placed in tubes 
of identical bore The standards in use in the writer’s laboratory 
are 1 0, 08 0 7, 06 05 04 0 3, 02 and 0 1 units If the super 
natant fluid is of a deeper colour than the 1 0 unit cobalt standard, 
dilute it with 67 per cent alcohol (alcohol 2, water I part) until it 
matches and note the volume required 

The dilution of the serum in the preparation of the supernatant 
fluid is I in 4, and not 1 m 5, because the saturated ammonium 
sulphate remains as a separate layer (1 cc) and does not contain 
azobilirubin 

The following is an example of the calculation — 

2 c c of supernatant fluid were taken, to which had to he added 
1 5 c c of 67 per cent alcohol to match the X unit standard 
First dilution of serum (preparation of azobilirubin) is 1 in 4 
Second dilution (matching of colour) is 2 m 3 5 

12 1 
. total dilution is ^ x — y 

The colour of 1 in 7 treated serum matches the 1 unit standard, 
therefore the original serum must have contained 7 units or 3 5 
mgm per 100 c c 

Remarks An attempt may be made to perform the direct test 
quantitatively by comparing tho colour of the 1 c c of serum plus 
0 5 c c of diazo reagent with the cobalt standards , dilution when 
required is made with distilled water, and tubes of identical bore are 
employed Thus suppose 6 5 c c of water have to be added to match 
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the 1 unit cobalt standard the total dilution is 1 in 8 wherefore 
the original serum contamed 8 units or 4 mgm of bilirubin per 
100 c c At times the tints of unknown and standard are so different 
that colorimetric estimation is impossible 

Visible haemolysis interferes with both direct and indirect 
reactions The comparison tube (1 c c serum and 0 5 c c water) 
makes a rough opinion possible in the direct test if the h'emolysis is 
slight but gross amounts of haemoglobin spoil it altogether In the 
technique recommended for the indirect test haemoglobin is not 
precipitated but converted into acid hcematm the brown or yellow 
tint of which spoils the colorimetric estimation In the older 
technique in which 1 c c of serum was first treated with 2 c c of 
alcohol haemoglobin was precipitated so that it did not interfere 
with the colour on subsequent treatment with the diazo reagent , 
this older technique is not recommended hou ever because very 
serious errors may anse from loss of bilirubin by adsorption on the 
protein precipitate { cf Godfned) it is much better to obtain 
another sample of serum without haemolysis 

Messrs The Tintometer Ltd have made a disc containing nine 
coloured glasses which match the cobalt standards so that the 
indirect quantitative estimation of bilirubin can be made in the 
Lovibond comparator which is illustrated on p 296 These glasses 
are permanent in hue intensity and brightness and will ensure 
uniformity in the laboratories adopting them They correspond to 
02 04 06 08 10 1 25 15 1 75 and 2 0 mgm of bilirubin per 
100 c c of serum They have proved of great value in the writer s 
laboratory where they are m daily use It is no longer necessary to 
prepare cobalt standards at intervals the glass colour standards are 
permanent and the comparator is useful also for other methods 

The technique for the comparator is the same as that described above Transfer 
the supernatant fluid to the right hand tube m the Lovibond comparator and 
compare its colour with that of the coloured glasses n the disc 

If the bilirubin s leas than 2 mgm per 100 c c rotate the disc till the correct 
colour match is obtained ahd read off the result It s easy to judge colours about 
m dway between two consecut ve coloured glasses It is unnecessary to put a tube 
of distilled water behind the coloured glass the effect m any case is very si ght 
If the bilirubin exceeda 2 mgm per 100 c c transfer lee of tho supernatant 
fluid to another of the comparator tubes and dilute t with 1 or 2 or 3 etc c c of 
"per cent a’icdno’i unt "i X matches one ol the coloured glasses TSult ply the glass 
reading by the dilut on Thus 1 c c of supernatant fluid required 4 o o of 67 per 
Cent alcohol to match the I 5 mgm glass therefore d lut on was 6 fold and b lirubrn 
was 6 x 15 75 mgm per 100 c c 

The glass labelled 2 mgm matches a 2 161 per cent solution of anhydrous 
cobaltous sulphate placed in a comparator tube 
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CHAPTER XIII 

TESTS OF PANCREATIC EFFICIENCY 
Books and Special Articles. Coope’s The Diagnosis of Pancreatic 
Disease 

Weiss’s Diseases of the Liver, Gall Bladder, Ducts and Pancreas 
Barton's Manual of Vital Function Testing Methods and Their Inter- 
pretation 

Critical Review The Diagnosis of Pancreatic Disease Sladden, 
APS, Quart J Med , 1914, 7, 455 

The Diagnosis of Disease of the Pancreas Garrod, A E,Brtl Med J , 
1920 i,459 

The Diagnosis of Diseases of the Pancreas, with Special Reference io 
Diastase in the Unne Walks, R L M, Quart J Med , 1920, 14, 57. 

Several references were made in the previous chapter to the 
close connection between the liver and bde passages on tho one 
hand, and the pancreas and its ducts on the other hand It is 
natural therefore to consider efficiency tests of the pancreas 
immediately following efficiency tests of the liver Diseases of tho 
whole pancreas, however, are much less common than diseases of 
the liver or of the kidneys The same general principles apply 
here as outlined for the other two organs m Chapters V and XII 
The tests yield abnormal results only when the disease of the organ 
is extensive The gland possesses a large “ reserve power” and in 
interpreting the results of tests the possible influence of non- 
pancreatic factors must be considered, and in particular the 
likelihood of coincident disease of the liver or bile passages 

Tests of pancreatic efficiency are indicated as an extension of 
the clinical examination of patients with suspected disease of the 
organ, or m an attempt to obtain some measure of the degree of 
damage m known pancreatic disease Examination of the urine 
seldom leads to requests for pancreatic efficiency tests, for, though 
glycosuna at once suggests diabetes melhtus and therefore a lesion 
of the pancreatic islets, glycosuria is an uncommon sign of disease 
involving the whole organ 

PANCREATIC EFFICIENCY TESTS IN DIABETES 
MELLITUS. 

In the majority of diabetics the islets of Langerhans alone aro 
seriously affected In 6ome, judging from post mortem histological 
examination, there is no evidence of damage to the islets, in ninth 
case either a functional inefficiency of the islets or a disturbance of 
the balance between the different ductless glands, or a disorder of 
other mechanisms controlling the output or availability of the 
internal secretion of the pancreas must be assumed 
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In most cases of diabetes efficiency tests reveal no abnormality 
of the external secretion of the pancreas, and it is assumed that the 
lesion or functional inefficiency is mostly limited to the islets In 
a feu cases there is extensile disease of the whole gland (in dogs 
about nine tenths must be removed to cause diabetes), so that 
there is both diabetes and an inefficient external secretion This 
comparatively small group has been classified separately by some 
writers as “ true pancreatic diabetes ” 

With the exception of this group, therefore, the external secretion 
tests are of no value in diabetes raelhtus They are limited to the 
examination of diseases of the whole gland or its ducts 


HYPERACTIVITY OF ISLETS 

Reference has already been made (Chapter VII) to hyper- 
insulimsm and new growths of the islets of Langerhans Apart 
from hypoglyciemia these cases show no evidence of disturbance 
of pancreatic function 


THE FUNCTIONS OF THE PANCREAS 

I The formation of the internal secretion (“ endogenous 
insulin ”) 

II The formation of the external secretion (pancreatic juice), 
winch contains ferments acting on each of the three classes of 
foodstuffs, uz amylase or diastase (carbohydrates), trypsm 
(proteins) and lipase or steapsm (fats) 

It is difficult to examine these secretions because of the 
inaccessibility of the gland This is obvious from the diagram 
given belon , which also indicates the different fluids and excretions 
which may be utilised in making tests of pancreatic efficiency 


Pancreas 


Stomach-*- 


.ExtejmJ secTstion 

' I 

Pancreatic ducts 

I 

Duodenum 


Examination Examination of 
of gastnc duodenal 

contents contents 




268 


CHAPTER XIII 


TESTS OF A DEFICIENCY OF THE INTERNAL SECRETION 
Hyperglycemia and Glycosuria 

As already mentioned, glycosuria is uncommon in diseases 
involving the pancreas as a whole, and particularly in chrome lesions. 
In acute hscmorrhagic pancreatitis, slight transient glycosuria and 
hyperglycemia are fairly often found, and are valuable in diagnosis, 
but there is rarely time to make estimations of blood sugar In 
chrome diseases of the pancreas, it is worth while to obtain data 
for a blood sugar curve (Chapter VII), but the result is often within 
normal limits, because hyperglycaemia does not occur till a. very 
large proportion of the islets is damaged A normal curve therefore 
does not exclude pancreatic disease, and when an abnormal curve 
is obtained it is necessary to consider the possible influence of 
other factors (see Chapter VII) Having excluded the other factors, 
a diabetic type of cun e indicates that the pancreatic lesion is very 
extensive 

Loewi’s Test 

The pupils of both eyes are carefully examined, notmg their 
size and their reaction to light and accommodation Two drops of 
I m 1,000 adrenaline are instilled into one eye, the other being left 
untreated for comparison The pupil of the treated eye is examined 
at intervals of about fifteen minutes foi the next hour, and compared 
with that of the untreated eye Normally the adrenaline causes 
no change in the pupil The reaction is positive if the pupil dilates 
In positive cases the pupil is often oval and the dilatation eccentric 
Several attempts to explain this observation have been made, of 
■which two may be noted The “ hypoinsuhmsm " produces a 
relative hyperadrenalism which increases the sensitivity of the 
sympathetic Bystem, wherefore the pupil reacts to the instillation 
of adrenaline Inflammation of the pancreas causes irritatiou of the 
solar plexus, wherefore the autonomic sy stem is hypersensitive 
The test is not specific because positive results have been obtained 
in hyperthyroidism, and in diseases of the gall bladder or of the 
bile duct The latter observation might be “ explained ” on the 
basis of coincident pancreatic disease, but obviously limi ts the 
clinical value of the test Negative results have been obtained in 
typical examples of acute pancreatitis Some writers speak highly 
of the reaction m acute disease, others have discarded the test 
It is so simple that it is worth performing w parallel with other 
tests, go long as its limitations are remembered It is very rarely 
positive m diabetes melhtus 

TESTS OF A DEFICIENCY OF THE EXTERNAL SECRETION 
Theoretically, either tests might be applied for the different 
enzymes, or evidence might be sought of incomplete digestion of 
foodstuffs owing to deficiency of these enzymes Examination of 
gastric contents, of duodenal contents, of faeces, of blood or of 
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urine, might be utilised In practice many of these points of 
attach are of limited or no value, as will readily be understood if 
the presence of other enzymes m the alimentary tract, the action 
of bacteria, the influence of diarrhoea etc , are remembered It is 
convenient to discuss the methods under the heading of each enzyme 
in turn 


Carbohydrate-splitting Ferment 

Examinations of gastnc or duodenal contents are useless owing 
to the presence of sak\ ary ptyahn Examination of the feces has 
also proved disappointing, owing to the action of bacteria, 
diarrhoea, etc 

Estimation of diastase in the blood is of limited value Normally, 
using Wohlgemuth’s method, the blood contains 3 to 10 units of 
diastase ( cf Harrison and Lawrence) In acute pancreatic disease, 
the amount is increased but owing to its rapid excretion, urine 
examination is much more satisfactory 

In the rare event of a lesion of the kidney accompanying 
pancreatic disease, the urinary diastase might not be significantly 
raised on account of the excretory failure of the kidney If this 
combination should occur, it would be necessary to demonstrate 
that the high blood diastase was accompanied by a high normal or 
shghtly raised diastatic index m the unne before it would be safe 
to ascribe the former to the pancieatic lesion, since the combination 
of a high blood with a low unnazy diastase is well recognised m 
gross renal disease 

Diastase hydrolyses starch, yielding in sequence erythrodextnn, 
achroodextrm and maltose In Wohlgemuth’s test digestion is 
regarded as “ complete ” when no starch is left At tins point the 
mixture contains varying proportions of the products of hydrolysis 
An alternative method (cf Myers and Killian) of estimating diastase 
in blood depends on blood sugar determinations without and with 
the addition of a starch solution to the blood, followed by incubation 
This method gives quite a different end point from Wohlgemuth’s, 
m that it measures the reducing sugars formed and not the 
disappearance of starch The normal values obtained m this way 
he between 15 and 25 per cent , * e , 16 to 25 per cent of the soluble 
starch employed (10 mgm ) is changed into reducing sugars 
(calculated as glucose) in fifteen minutes at 40° G 

Estimation of diastase in urine has proved a useful test of 
pancreatic efficiency, although it is still not decided whether the 
diastase is derived solely from the pancreas The technique of 
Wohlgemuth’s method is given at the end of this chapter The 
importance of adjusting the reaction (pH) of the unne to the 
optimum for the enzyme has been demonstrated by Dodd3 and by 
Sladden Cohen and Dodds have introduced another method 
depending on the colorimetric estimation of the quantity of dcxtnn 
lijdroljsed by the unnary diastase under standard conditions A 
Wohlgemuth unit is the amount of diastaso which will digest 1 cc 
of 0 1 per cent soluble starch (1 mgm ) in thirty minutes at 37® or 
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38° G to such a degree that no blue colour is obtained on adding 
iodine The diastatie index is the number of units mice of urine 
In health the concentration of diastase in the urine, or the diastatie 
index, is 6 7 to 33 3 units Occasionally when the urine is con- 
centrated the index may nse as high as 50 units The day’s output 
of diastase is the product of the volume of the twenty four hours’ 
urine in cubic centimetres and the index Normally, the day’s 
output vanes from 8,000 to 30,000 units 

An index of 50 is suspicious, and of 100 is almost always 
definitely abnormal In acute pancreatitis values of 100, 200, and 
even up to 2,000 may be found In chrome pancreatitis and in 
carcinoma of the pancreas the diastatie index is usually normal or 
low, but occasionally m carcinoma the index may rise to about 100 
In severe trauma of the pancreas the urine not uncommonly contains 
an increased concentration of diastase (up to about 200 units), and 
the finding of high indices in the unnes of patients who have had a 
blow in the abdomen is useful clinically It has been claimed that 
the index is often high in the toxsemias of pregnancy, and it has 
been suggested that the cause of this is an mcreased permeability 
of the kidney In many cases, however, the index is normal (though 
rarely, if ever, low) In eclampsia indices of 50 to 100 are fairly 
common, and very occasionally even higher values are obtained 
It is possible that these figures are mainly, if not entirely, due to 
oliguria In diabetes the diastatie index is almost always normal 
or low 

Estimations of diastase should be made on the twenty-four hours’ 
urrne, except in acute pancreatitis Normally, owing to polyuria 
(drinking, etc ) or oliguria (sweating, etc ), there are considerable 
variations in the diastatie index of specimens taken at different 
tunes of the day, though this range of variation rarely exceeds 
2 to 50 units For this reason the twenty four hours’ sample is 
employed, and w hen this is done, the variations m different healthy 
individuals usually fall between 6 7 and 33 3 units, as already 
mentioned In acute pancreatitis, diagnosis is so urgent that 
twenty four hours cannot be allowed for collecting the urrne, and 
the first obtainable sample is utilised Fortunately, m genuine 
cases of the disease such a sample usually contains 100 or more 
units per 1 c c , hut lesser concentrations of diastase are obviously 
not significant 

The increase of diastase in the blood and urine in pancreatic 
lesions may be due to obstruction of the ducts, or to increased 
permeability of the pancreatic cells clue to inflammation This 
hypothesis fits m with the clinical observation that the urrnaiy 
diastase is mcreased when the ducts aTe obstructed or when 
inflammation is acute, and is normal or low in chrome sclerosing 
conditions Cohen and Dodds have shown that the same variations 
in the urinary diastatie index are found in starvation as after food, 
so that presumably diet has no influence on the output of the 
enzyme 

In obstruction of a salivary duct or m acute disease of a salivary 
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gland, there may be a transient increase of the concentration of 
diastase m the urine (Kreyberg), but such a cause is readily 
recognised from the clinical examination of the patient 

If there is a deficiency of the external secretion of the pancreas, 
it might be expected that a certain amount of starch might escape 
digestion and be recognisable in the freces, but microscopical 
examination of the stools for starch granules has been found of no 
value as a test of pancreatic function Starch granules are often 
absent in proved pancreatic disease, and are not uncommon when 
there is gross diarrhoea or the subject is ingesting large quantities 
of starchy foods 


Protein-splitting Ferment 

Either the gastnc or the duodenal contents may be examined 
for trypsm A positive result excludes complete obstruction of 
the pancreatic ducts but a negative result in either fluid is not 
conclusive It is unlikely that quantitative estimations will be of 
any value owing to the unknown degree of dilution by bile, etc 
Regurgitation of duodenal fluid into the stomach is uncertain 
(c/ Chapter XXH), but it has been suggested that the reflux might 
be provoked by administering 0 4 per cent hydrochloric acid 
Generally, however, direct duodenal intubation is employed (see 
Chapter XXIII) When examining the gastnc contents for trypsin 
it is of course, essential to make the reaction alkaline 

Examination of the feces for protein splitting ferments has 
proved disappointing In a certain number of healthy individuals 
no such enzyme can be detected and in the rest, when quantitative 
methods are employed and the results arc expressed m terms of the 
dried feces, a wide range of variation is obtained It would appear 
therefore that results characteristic of pancreatic lesions do not 
exist A simple test for the detection of trypsm m feces, duodenal 
or gastnc contents, etc , is given in Chapter XXIV 

Examination of the blood and urine for trypsm is of little or no 
value 

If the external secretion of the pancreas is deficient, it might be 
expected that the feces would contain more protein and protein 
products than normally, though the action of intestinal erepsin, 
and of bacteria, and the influence of the rate of passage of the 
intestinal contents are all obvious complicating factors Whilst 
it is true that the total nitrogen expressed as a percentage of the 
dried feces is increased in gross pancreatic disease, such a wide 
range of variations is found in other pathological conditions — 
gastro intestinal disease often giving qmto ns high values as 
pancreatic disease — that the estimation is of little or no value A 
proper metabolism experiment m which the intake and output of 
nitrogen are measured gives more information, but 13 not a practical 
proposition in routine clinical uork 

Microscopical examination of the faeces for undigested muscle 
fibres is a sim\)lo test of somo value but it is important to realise 
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what constitutes i( creatorrhcea,” or the passage of undigested 
meat fibres In Fig 61 are shown the different stages m their 
digestion The connective tissue binding the fibres together is 
digested by the gastric juice, bo that pancreatic trypsin acta on 
individual muscle fibre fragments There results senahm the 
disappearance of the nuclei, the rounding of the ends of each 


fragment, and the disappearance of the transverse stnations, 
leaving round yellow brown fragments, which may cither show a 
faint longitudinal stnation or nnj 

# appear quite homogeneous, and 

HU} gBi finally the complete disappearance 
jgi of muscle fibres Fibres as 
^ Pj! depicted at c d, and e, m Fig 61, 

|§g|| may be seen in normal stools 

1^ Fibres with rounded ends but 
visible transverse stnations (Fig 
' ' 61, c) are not uncommon in simple 

S diarrhrea The discovery of 
n e Q numerous fibres with irregular 

U s — ends and well marked stnations, 

(, J A “ true creatorrhcea ” (Fig 61, a, b), 

J (J almost always points to a 
deficiency of pancreatic tiypsrn, 
but tlieir absence does not exclude 
a gross lesion of the pancreas, smee 
other protem splittmg ferments 
\||||||$^ f (intestinal or bactenal) may cause 

partial or complete digestion of 
Fio fii Pnd,g„t«d .«d muscle The only things My to 

digested muscle fibres as seen m be mistaken for muscle fibres are 
J*ces a Mass ot fibres not the woody fibres of certain 
vegetables (T.g 51,/, There rs 
stnations b isolated fibre un rarely any senous difficulty, how 
digested Note irregular rads and ever, because the stnations of the 
transverse stnations c Partiallv j ni. , 

digested fibre f-oto transverse wooc, y fibres arc much coarser, 
stnations but rounded ends d Fibre more irregular, and more refractile 
SS,d“^&“tSTo4uoK observations 

stnations t Fragments of fibres are Made, the patient must be 
free from stnations and with rounded Consuming meat Or poultry Some 
tbfS m D /'*/‘ ° WoSl°J° /ita!"?™ investigators have claimed that 
\ egetable better results may bo obtained 

with special test diets, but for 
routine clinical work an ordinary hospital diet, containing meat, is 
generally satisfactory For the examination all that is necessary 
is the emulsification of a platinum loopful of fceces in a drop or two 
of physiological saline on a Bhde Several preparations should bo 
made, mounted under cover slips and examined with a one sixth 
objective With a little practice it is easy to avoid making the 
emulsion so thick that it is impossible to see through it, or 
unnecessarily thin * 
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Fat-splittmg Ferment 

Testa for lipase in gastric contents blood, or urine, are of little 
or no value clinically (see Chapter XII for remarks on blood lipase) 
Coope recommends the technique of Carnot and Mauban for the 
detection of lipase in duodenal contents. 

Mix a 2 per cent agar agar solution with an equal volume of 6 per cent starch 
paste and about one fortieth of its volume of neutral fat (« g pure fre3h butter or 
lard) Heat stirring carefully till a homogeneous emulsion is produced Add a 
trace of bile salts pour into a clean Petri dish and cool rapidly 

Distribute small drops of the duodenal fluid over the Burface of the medium with 
a fine pipette Incubate at 38° C for one hour Cover the surface with saturated 
copper nitrate for ten minutes Rinse carefully with water If lipase is present 
tiny patches of fatty acids transformed into copper soaps are seen as bluish green 
specks standing out against the white background provided by the starch in the 
medium 

As m the case of tests for trypsin in duodenal fluid, a positive 
result excludes a complete obstruction of the pancreatic ducts, bufl 
a negative result is not conclusive evidence of the presence of such 
obstruction Tests for the two ferments should be run in parallel 

Tests for lipase m the feces are of no value, because the lipase is 
destroyed by trypsin, but microscopical examination of the stools 
and a differential estimation of fat m feces (see Chapter XXIV for 
technique) are generally recognised as of value in pancreatic disease 


General Appearance and Microscopical Examination of Faces 

The passage of bulky stools is a well recognised clinical feature 
of pancreatic disease, though other conditions may cause bulky 
stools, e g , obstruction of the bile duct, coeliac disease, sprue, 
congenital steatorrhcea, gastro coho fistula and mesenteric 
tuberculosis involving the lacteals Bulky, watery stools, due to 
diarrhoea, arc easily differentiated The stools m the above diseases 
are not only bulky, but fatty in appearance, owittg to the presence 
of an excess of fat The passage of fatty stools, which are 
liquid when passed and set solid on cooling, constitutes “true 
steatorrhoea,” though the term steatorrhcea is often ajtplied to the 
passage of any fatty stool, even though it does not solidify on 
cooling True steatorrhcea is apparently diagnostic of pancreatic 
defect (except possibly in congenital steatorrhcea) The fresh stool 
consists of fecal material floating in molten oil, and on cooling the 
faecal matter forms a plate 

Microscopical examination is useful, not only to check tho 
macroscopical appearance of fat, but also to give a rough idea of the 
type of fat (neutral fat globules, fattj acid crj stals, soap plaques) 
present Fuller details are given in Chapter XXIV Hero a few 
points with special reference to pancreatic disease only need bo 
mentioned When there is a deficiency of tho pancreatic juice, it 
is the splitting of the fats which is defective Henco the excess 
of fat is chiefly in the form of neutral fat On microscopical 
examination, therefore, oily globules, but not an fcxeess of fattv 
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acid crystals or of soap plaques, may be found in a typical 
uncomplicated case In clinical work, however, cases of combined 
pancreatic and liver disease are commoner than pure pancreatic 
disease, wherefore the microscopical findings are often not 
“typical” Moreover, the neutral fat is often so finely divided 
that it is not readily seen under the microscope, and when oily 
globules are visible it is important to exclude liquid paraffin and 
other oily drugs as their source The results of microscopical 
examination therefore can only be interpreted m the light of the 
clinical examination Lastly, even in the complete absence of 
pancreatic juice, the neutral fats may be hydrolysed lower in the 
gut by bacteria, for which reason the absence of a “ typical ” 
microscopical picture by no means excludes the existence of 
pancreatic disease 

In the laboratory, one of the chief reasons for making a 
microscopical examination is to decide whether or not the laborious 
Analysis of feces for fat is worth undertaking If macroscopically, 
the feces are not bulky and not fatty looking, and if microscopically 
no fat globules, no fatty acid crystals, and only occasional soap 
plaques are seen, then chemical analysis is certainly a waste of time 

Fat m Faeces 

The technique is given m Chapter XXIV Normally, of the 
dried faeces, not more than one fourth (or one third m children — see 
p 463) is fat, and of the faecal fat pot more than one fourth (or 
one thud in children) is unspht In typical pancreatic cases, the 
total fat percentage \s excessive, often over 50, and the splitting 
is defective, the unspht neutral fat being 40 to 70 per cent , or even 
more, of the faecal fat But as indicated in the last section, such 
typical results are the exception rather than the rule, and the 
finding of a high percentage of total fat of which the greater 
proportion is split does not by any means exclude pancreatic disease 
Differentiation between free fatty acids and soaps is of no value, 
smce the reaction of the feces is the chief factor influencing the 
proportion of fatty acids which is combined as soaps In vieu of 
all these points the writer would limit fat analyses to those cases 
where there is obviously an excess of fat on macroscopical and 
microscopical examination, and to special investigations, for the 
work is time consuming 

The table on p 275 summarises the results of the tests considered 
above — • » 


OTHER TESTS IN PANCREATIC DISEASE 
Several attempts have been made to obtain evidence of a 
deficiency of the external secretion of the pancreas by administering 
artificial preparations The reader is referred to Coope’s book for 
references In Sahli's glutoid capsule test, drugs such as iodoform, 
methylene blue, or salol, easily recognised in the urine or saliva, 
are administered in gelatin capsules hardened by formalin so that 
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the} will escape digestion in the stomach but will be digested m 
the intestine if pancreatic juice is present In Schmidt’s beef cube 
test, small cubes of beef are hardened in alcohol placed in bags of 
silk gauze, ingested and finall} recovered from the feces They 
are then examined to see whether the nuclei are digested In 
Wintermtz’s sajodtn test, the calcium salt of lodo beheme acid 
(sajodin) is ingested and the urine is examined for iodide The 
sajodin is hydrolysed onl} b} pancreatic juice, and onl} in tlio 
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presence of bile salts, so that failure to detect iodide in the dnne 
indicates pancreatic inefficiency, provided there is not obstruction 
to the bile passages The general opinion of these tests is that they 
are of little or no value in clinical work an opinion with which the 
writer agrees from his own observations A similar conclusion 
applies to Cammidge’s test, which has fallen into disuse 

Calcium oxalate crystals have been observed m the urines of 
patients with pancreatic disease, as in many other conditions, and 
there is nothing to indicate that they have any special connection 
with pancreatic lesions Indicanuria has likewise been selected for 
notice in pancreatic disease, but whilst it is reasonable to assume 
that when there is a deficiency of protein sphttmg ferment, there 
will be greater opportunities for the putrefaction of proteins by 
bacteria in the large intestine, there is no evidence that tests for 
mdican are of any special value in suspected disease of the 
pancreas 

A similar attitude is justified m regard to tests for occult blood 
in faeces A positive reaction indicates haemorrhage somewhere in 
the alimentary tract If clinically there is a carcinoma of the head 
of the pancreas and blood is found in the feces there is a 
presumption but no proof, that the growth is ulcerating into the 
bowel 

Wallis has claimed that the percentage of ash from the dried 
fasces is low when there is obstruction of both pancreatic and bile 
ducts 

Dodds and his colleagues (see Chapter XXII) have claimed that 
the alveolar C0 2 rises during the secretion of gastric HC1 and fills 
during the secretion of pancreatic juice, but the possibility of 
utilising this observation as an mde\ of the output of pancreatic 
juice has not been explored In any case the technique is too 
complicated to be used in routine clinical work 


SUMMARY 

It is convenient to summarise the tests of most value under the 
headings of the different fluids or excreta examined Loewi s is a 
purely clinical test 

Urine Routine- chemical examination (see Chapter II), and 
particularly tests for sugar 

Estimation of diastase m the twenty four hours* urine, except 
m acute pancreatitis and operative emergencies, when the first 
specimen obtainable is employed 

Blood Estimation of blood sugar Eata for a blood sugar 
curve (see Chapter VII) in special cases Estimation of diastase 
on occasion (usually urinary diastase sufficient) 

Faces Naked -eye appearance — bull — steatorrhcea 
Microscopical examination for undigested muscle fibres, fat 
globules , fatty acid crystals, and soap plaques 
Differential estimation of fat 
Duodenal Contents Tests for trypsin and lipase 
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CONCLUSION 

In acute lesions of the pancreas the function tests are often 
valuable In the limited time available, Loewi s reaction, examina- 
tion of the urine (glycosuria) and an estimation of urinary diastase 
can readily be performed 

In chronic lesions the tests are often disappointing If two or 
three give positive results, the existence of pancreatic disease is 
I lively If all give negative results, pancreatic disease is not excluded 
An examination of the urine, including an estimation of diastase, 
should be made as a routine The naked eye appearance and 
microscopical exammation of the feces likewise should always be 
undertaken, but other tests should be reserved as an extension of 
particular clinical observations and for special investigations 


TECHNIQUE FOR ESTIMATION OF DIASTASE (AMYLASE) IN 
URINE 

Principle 

A known quantity of soluble starch is digested with varying 
amounts of urine for thirty minutes at 37° C After immediate 
cooling iodine is added to determine the smallest quantity of urine 
that has completely digested the starch, to a point at which it no 
longer gives a blue colour 

Solutions 

Stock solution of soluble starch (2 per cent starch in 10 per cent 
sodium chlonde) 

Weigh out accurately 2 gm of pure soluble starch, and make 
a fine emulsion by shaking it thoroughly with 10 c c of distilled 
water m a test tube Add tho emulsion to about 70 c c of boiling 
distilled water, washing out the tube with a few cc of water three 
or four times, and adding the washings to the boiling mix ture 
Then add 10 gm of pure sodium chloride Boil and stir the mixture 
well Cool, transfer to a 100 c c volumetric flask quantitatively, 
and make up to volume Add a few drops of toluene as preservativ e 

0 1 per cent soluble starch in 0 5 per cent sodium chloride 

Transfer 5 c c of the stock starch solution to a 100 c c volumetric 
flash, and make up to the mark with distilled water If a few drops 
of toluene are added the solution will keep for a week 

JV/50 iodine solution 

This is prepared freshly by diluting 2 c c of N/10 iodine (see 
Appendix) with 8 c c of distilled water, and keeps only for a few 
days 

Method 

Adjust the reaction of the unno as follows Take the reaction to 
litmus paper, and accordingly add either 40 per cent sodium 
hydroxide or concentrated hydrochloric acid drop by drop to tho 
mam bulk of the urine (200 c c or more) until the reaction xs neutral 
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or very slightly acid By this means the dilution is generally 
negligible If, however, only a small quantity of urine is available, 
adjust the reaction of a known volume with N/10 NaOH or N/10 HC1 
from a burette Note the volume of alkali or acid required, and 
allow for the dilution m the calculation 

Prepare a series of dilutions of urine as follows, pluggmg lightly 
the ends of all pipettes with cotton wool to prevent contamination 
n ith salivary diastase 

In tubes (3 m X | U1 are suitable) numbered 1, 2, 3, etc , place 
10 0 6, 0 4, 0 3, 0 25 0 2, 0 15, and 0 1 c c of well mixed urine 
Make the contents of each tube up to 1 c c with distilled water 
Add 2 c c of the 0 1 per cent starch to each tube, and mix well 
Incubate for thirty minutes at 37° C Cool immediately by placing 
the rack of tubes in a basin of cold water for three or four minutes 
To each tube m turn add N/50 iodine drop by drop continuing the 
addition until it is clear that a blue colour is or is not formed It is 
important to add the iodine carefully in tins way When the starch 
is scarcely digested the blue is obvious and cannot be masked by an 
excess of iodine Likewise when all the starch has gone, an excess 
of iodine does not matter and merely intensifies the yellow brown 
tint When, however, the tube contams a little unaltered soluble 
starch and much erythrodextrm, it is easy to mask the trace of blue 
due to starch by the red due to eiythrodextrin, if an excess of iodine 
is added 

Note the tube containing the least amount of unne which gives 
no blue colour u ith iodine The quantity of urine in this tube is 
just sufficient to digest the starch to the stage defined 

If 0 1 c c of urine completely digests 2 c c of the starch solution, 
dilute the unne 1 in 10 vitli distilled water, and put up a second 
series On rare occasions (diastatic index greater than 200) the 
urine has to be diluted 1 m 100 


Calculation 


Suppose that the tube m which the digestion of the 2 c c of 
starch is just “ complete ” (as defined), contams x c c of unne 
Since a unit of diastase is that amount which just digests 1 c c 
of 0 1 per cent soluble starch at 37° C in thirty minutes to such a 
degree that no blue colour is obtained on adding iodine, therefore 
x c c of unne contams 2 units of diastase 
2 

1 c c of unne contains — units of diastase, or otherwise 
x 

expressed, the diastatic index, or the number of units mice of 


. 3 7 ° 2 

unne, or a — - 

For example, 0 4 c c of unne just digested 2 c c of the starch 
solution, 


, 37° 2 

<i 3S’ = 04 =6mUte 


The tables given below are useful m puttmg up the serio, and 
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indicate the diastatic index for each tube when digestion is just 
complete in that tube 




An example of the calculation of the day s output of diastase 
follows — 

Diastatic index or units of diastase per 1 c c was 10 Volume 
of twenty four hours urine was 1 400 c c 

Day s output of diastase = 10 X 1,400 = 14 000 units 

Notes 

(1) Adjustment of Reaction Sladden and Dodds have introduced 
more accurate methods for adjusting the reaction to pH 6 7 
(optimum for diastase in chloride solution) or to pH 6 1 (optimum 
for diastase in phosphate solution) Stafford and Addis find that 
the optimum reaction for the enzyme in a mixture of chlorides plus 
phosphates (t e m unne) lies between pH G 1 and G 5 In all 
published work the results obtamed with unnes whose reactions 
are close to the optimum are little if at all different from those with 
unnes accurately adjusted It is clear, therefore that the routine 
technique adopted above is not only simple but also reasonably 
accurate 

(2) As mentioned in the text, a sample of the twenty four hours' 
urine preserved with toluene should be employed except in 
emergencies (acute pancreatitis) 

(3) It is very important to prevent contamination with solitary 
diastase by protecting with cotton wool the ends of all pipettes 
placed m the mouth 

(4) Some workers after making the dilutions of urrne, place the 
rack of tubes and the flask of soluble starch in the w ater bath at 
37° C for a few minutes in order to brmg their temperature up to 
37° G before adding the 2 c c of starch to each tube This results 
m verj slightly increased diastatic values and theoretically would 
bo the best method if everybody did the same, in that it obviates 
Blight aanations due to the different temperatures of different 
laboratories In practico it is unnecessary The contents of the 
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tubes reach 37° C m two or three minutes in a water bath (and not 
quite bo quickly m an incubator) Incidentally a pipette calibrated 
to deliver 2 gm. of water at 18° C, will deliver very slightly less at 
37° C These and other minor points of refinement make no 
significant differences 

(5) It is important to shake the urine well before taking samples, 
because an appreciable amount of enzyme may be adsorbed on a 
deposit 

(6) A Bimilar technique may be applied to serum or plasma for 

the estimation of blood diastase, though, of course, no preliminary 
adjustment of reaction is necessary Venepuncture is required to 
obtain 3 or 4 c c of plasma Alternatively, when little serum or 
plasma is available, a drop method may be employed * 
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CHAPTER XIV 

INDICANURIA. MISCELLANEOUS URINE TESTS 

[Most of the information collected together in this chapter is scattered 
through the hooks on physiological chemistry, clinical diagnosis, chemical 
pathology, etc , to winch reference has been made in previous chapters ] 

INDICAN 

So caiafd urinary xndican is potassium in doxy] sulphate At 
least the Balt is always represented as of potassium, though possibly 
mdoxyl sulphuric acid is partly combined with sodium or other 
bases in urine 

H 

i 

/\ »/° 

H— C C C — O — S“0 or C,H,NSO,K 

H— C C C— H 0K 

N/ \/ 

C N 

H H 

True mdican is a vegetable glucoside, and is the source of the 
natural indigo obtained from plants 

Indicanuna results from the bacterial decomposition of trypto 
phan This decomposition almost always occurs in the large 
intestine, though occasionally in decomposing pus anywhere in 
the body (eg, gangrene of the lung, empyema, etc ) Indole is 
formed by the bacterial action, and some of it is absorbed and 
earned in the portal blood to the liver, where it is oxidised to 
indoxyl and conjugated with sulphate The resulting mdican passes 
into the general circulation and is very rapidly excreted by the 
kidneys The concentration in the blood is minute except when 
there is gross renal disease {cj Chapter V) Most of the indole is 
excreted m the faces In the majority of cases, therefore, the 
following factors influence indicanuna, viz , the amount of protein 
(tryptophan) in the diet, the bactenal flora of the intestine, the 
opportunity for bactenal action on protein or protein products 
(stasis, constipation, deficiency of protcm-sphtting enzymes, etc ), 
and the efficiency of detoxication by the liver 

Indican is an ethereal sulphate and may be taken as repre 
eentative of the toxic putrefactive bodies (skatole, paracresol, 
tsi 
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phenol, etc ), which are rendered innocuous by the liver or by other 
tissues Alternatively, mdoxyl may be conjugated with glycuromc 
acid, and excreted as mdoxyl glycuronate ( cf Chapter VI) The 
degree of mdicanuria is thus a rough measure of the amount of 
decomposition going on in the intestine, provided the other factors 
mentioned above are not more important 

Normally the nnne contains only traces of indican, 0 to 32 
usually 5 to 20 mgm in twenty four hours (Borden), hut simple 
constipation may cause a considerable increase In disease, therefore, 
only gross and persistent mdicanuria is of significance The 
influences of diseases of the liver (Chapter XII) and of the pancreas 
(Chapter XIII) have already been discussed, as also the formation 
of indigo blue tn vitro when the urine is exposed to air (Chapter IV) 
In skin diseases tests for indican have been regarded as valuable as 
pointing to those cases in which the combination of local treatment 
and of intestinal antiseptics is likely to be advantageous Some 
of the most marked examples of mdicanuria have been encountered 
m intestinal ulceration (e g , tuberculous, typhoid, etc ) and m 
peritonitis When testmg urines rich m indican, the extracted urine 
often turns deep brown owing partly to the formation of pigments 
from other chromogen3, and partly (possibly) to oxidation products 
of mdoxyl other than indigo blue The urine of healthy breast fed 
infants is often indican free Darkening of rndican rich urine may 
even occur spontaneously on exposure to air, and has been mistaken 
for melanuna 

Simple qualitative tests (Obermayer’s, Jaffe’s) for rndican have 
already been described m Chapter II They both depend on the 
liberation of mdoxyl from rndican by acid, and the oxidation (and 
condensation) of mdoxyl to mdigo blue, which is extracted 1>V 
chloroform (or ether or amyl alcohol), and recognised by its colour and 
absorption band in the red (see Fig 48 facing p 220) Care is necessary 
to avoid excess of oxidising agent which oxidises mdoxyl beyond 
the indigo blue Btage to a colourless compound If the unne to be 
examined contains iodides (Chapter XI), iodine is liberated and 
extracted by the chloroform, and may mask traces of mdigo blue 
If a few drops of sodium thiosulphate solution (about 10 per cent ) 
are added, and the tube is shaken well, the iodine is decolourised, 
but the mdigo blue is unaffected Skatole red and mdigo red (see 
below) are not decolourised by “ thlo ” 

Place in a boiling tube about 5 c c of unne, 6 c c of concentrated HC1 3 or 4 c <* 
of chloroform and a few drop3 of 10 per cent b odium thiosulphate SUx well hy 
pounng into another tube and back repeatedly Allow the chloroform to separata 
and examine its colour Then add 1 drop of 1 per cent potassium chlorate H!<d 
mix thoroughly again Repeat the process adding 1 drop of the chlorate solution 
each time till it 13 clear whether indigo bl 10 is formed or not By this means iodin° 
is decolorised os fast &9 it is formed and traces of indigo blue will not bo miss«! 
through over oxidation 

Jollea has shown that the addition of thymol makes the above 
reactions more sensitive The simplest method is to add a pinch of 
pow dered thymol to the unne m the test tube, and then proceed m 
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the usual way with Jaffe’s or Obermayer’s test The colour of the 
chloroform extract is then purple blue and not pure indigo blue 
Andrew es’ diazo test for indican in blood (see Chapter V) cannot 
readily be applied to urine 

For quantitative determinations the reader is referred to Borden’s 
paper and to larger works 


SKATOLE-RED 

Skatole red is a substance of unknown constitution It is 
formed under the same conditions as is indigo blue from mdoxyl- 
sulphunc acid, viz , treatment with acid oxidising agents, and the 
significance of the two is the same Skatole red, however, is not 
so readily detected as indigo blue, partly owing to its colour, partly 
owing to its lesser concentration, and partly owing to the difficulty 
of differentiating it from other reddish pigments (e g , urorosem, 
Chapter XI) Tests for the unknown precursor (possibly skatole, 
or a related substance) of skatole red have not been widely employed 
or greatly studied m clinical work To complicate matters still 
further some indican is oxidised to isatin, which condenses with 
unchanged mdoxyl to form indigo red (mdirubm) Skatole red is 
insoluble m chloroform and ether, and its colour is unaltered by 
sodium thiosulphate whereas iodine (from iodides) is decolourised 
Indigo red is soluble m chloroform and ether, whilst both indigo red 
and skatole red are soluble in amyl alcohol There has been 
considerable confusion between indigo red (mdirubm or urorubm), 
skatole red, and urorosem (formed from indole acetic acid (skatole- 
carboxylic acid) or mdole aceturic acid by adding HC1), and the 
subject needs further investigation Homer has made a careful 
study of the absorption spectra of the colour reactions of certain 
mdole derivatives, including the above 

Fearon and Thompson also have discussed this group of red 
pigments, and have described another reaction, the urocarmlne 
reaction, which they regard as due to condensation between indoxyl 
and o- or m-cresol or other phenolic compounds. 


EHRLICH’S DIAZO TEST 

Solutions 

{a) A saturated or 0 I per cent solution of snlphamhc acid 
m 5 per cent v/v hydrochloric acid 

(b) Half per cent aqueous sodium nitrite 

Prepare the diazo reagent on the day of tho test by mixing 
50 parts of («) and 1 part of (6) 

Method 

To about 5ce of urine add an equal volume of tho diazo reagent 
and shake well to mix Add 1 c c or more of contentrated ammonia 
so that the reaction becomes strongly alkaline, and shake n^ain 
Note any colour change 
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Results 

Normally a yellow colour is observed In typhoid fever the 
unne turns red and the froth aLo shows a reddish tinge This 
reaction has been observed from the fifth to the twenty second day 
Positive results have also been reported in measles, german measles, 
acute tuberculosis and other fevers Some workers have attached 
considerable value to the test in typboid fever Others find it of 
little value in the diagnosis of that disease Von Jahsch saj s “ No 
chemist would consent to draw any conclusions from a reaction so 
long as he is in complete ignorance of the substance or substances 
to which it is due Only the medical man who lacks the necessary 
chemical training is prepared to do this ” This view is possibly an 
extreme one, but of late years the reaction appears largely to have 
fallen into disuse 

The method is very similar to Andrewes’ test for rndican in 
blood (see Chapter V) A more acid and a larger proportion of diazo 
reagent is used in Ehrlich's test, but the important differences from 
Andrewes’ reaction are that, in Ehrlich's test, the diazotised mixture 
is not boiled, and that ammonia and not caustic soda is used to make 
the mixture alkaline The writer has failed to obtain positive 
Ehrlich's reactions with normal unne to which has been added either 
potassium indoxyl sulphate or N acetyl wdoxyl to the extent of 
40 mgm per 100 c c or more The substance responsible for 
Ehrlich s test is, therefore, not indican The cause of the reaction is 
still unknown For further observations, including references, the 
reader should consult Hunter’s paper 


CHYLURIA 

The occurrence of opaque white milk} urine is known as chyluna 
Its artificial production by the deliberate addition of milk or of 
condensed milk must be excluded 1 An opalescence due to large 
numbers of bacteria, with, or without a phosphatic scum, or due to 
added oily preservatives (toluene, chloroform, etc ) is easily 
recognised 

True chyluna, as the term implies is due to chyle of the intestinal 
lymphatics gaming access to the unne Chyle contains among other 
things fats, proteins including fibnnogen and a few red blood 
corpuscles , the fats are very finely divided, the droplets being 
visible only under a ^ in objective with dark ground ill umin ation 
The diagnosis of chyluna therefore depends on showing that the 
urine contains fat, and that this fat is not visible as droplets under 
the ^ m objective with ordinary lighting , also that erythrocytes 
and fibnn clots are present, though tho clots are easily missed when 
the proportion of chyle is low When the proteins are precipitated 
the fat is often also earned down The opalescence may appear to 
1 k> unaffected by simple extraction with ether in .a test tube, owing 
to replacement of the opacity duo to fat by another emulsion 
Quantitative measurements, employing repeated extraction with 
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ether, have revealed traces to about 3 per cent of fatty matter 
An excess of cholesterol in the unne has also been reported In the 
clots are embedded epithelial cells and varying quantities of red 
cells and leucocytes In marked chyluna, the urine has a reddish 
tinge (hfematochyluna), and the clot may be slightly red owing to 
the entangled erythrocytes 

Chjluria is uncommon, often intermittent and usually unaccom- 
panied by any senous departure from health It is due to rupture 
of varicose lymphatics in the wall of the bladder or pelvis of the 
kidney The distension of the lymphatics is due to obstruction, the 
most common cause being filarial parasites Some of the patients, 
however, have never been m the tropics , their lymphatic obstruction 
is generally due to tuberculous fibrosis subsequent to peritonitis or 
abscess 

As would he expected, the milkiness of the unne yanes with the 
intake of fat in true chyluna, and one way of showing that there is 
a fistulous connection between the lymphatic and unnary systems 
is to administer by mouth an unsaturated fat with a high iodine 
value, and to show that the ether extract of the unne similarly has 
a raised iodine value A simpler method, however, is to give by 
mouth 100 mgm of Sudan III in 10 gm of butter (e g , m a lettuce 
sandwich) and to extract the unne with ether , m positive cases the 
ether extract is red 

Dr H Morley Fletcher reported a non parasitic case so tested , before swallowing 
the dyo the ether extract of 25 c e of tlio unne was yellow after the dye the same 
volume of unne yielded a red extract in the tlurd and up to the thirteenth or 
fourteenth hours — £ee frontispiece for an illustration of the result of one of these 
experiments In this case though the unne was often very milky, the fat lost by 
this channel was insignificant and of tho order of 1 to 3 gm daily ilr W Girling 
Ball obtained the urino from each kidney by ureteric catheterisation , both samples 
were free from protein and were not milky Cystoscopically ho observed juat below 
the nght ureteric onfice a minute hole from which milky fluid was exuding At 
laparotomy he found definite evidence of an old pentomtis but no signs anywhere 
in tho abdomen of a gross obstruction of the lymphatics, which, however were 
obviously dilated particularly on either side of the bladder He closed successfully 
tho fistulous opening into the bladder by cauterising but later there was a fresh 
rupture but into the reproductive tract and almost pure milky chyle escaped 
from the vagina 

Green Arrnvtage has reported a case of * metrocliylorrhiea or ‘ intermittent 
chylous metrorrhcca in which there was a milky chylous dischargo from the uterus , 
Sudan Hl.given orally dyed the discharge , there was no chyluna 


Tlio Sudan III test has also been carried out in h Ian 'll chyluna 
(personal communication, N H Fairley and R J Bromfield) , in 
some ca«ea the deflection of chjle to the unne was so marked that 
the urine was obviously red when passed, and ether extraction was 
unnecessary except to show* that the red pigment was taken out by 
a fat solvent 


L1PURIA 

This term is applied when fat is present in the urine, and 
therefore should include chyluna In non chylous 1 1 pun a the fat is 
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usually not so finely divided as in chyluria, and is generally visible 
un der the microscope with a £ m objective and ordinary lighting 
Moreover, in lipuna, the urine, though opalescent, is not usually so 
milky in appearance 

It is important to exclude extraneous fat as responsible for 
“ lipuna, e g , the lubricant used for catheters, contamination with 
liquid paraffin from the rectum or with oily substances used for 
mtraurethral medication The rupture of a cyst into the urinary 
tract may be responsible for temporary “ lipuna ” 

The wnter is doubtful whether true lipuna exists apart from 
chyluna but it has been reported from the ingestion of large 
amounts of fats, the subcutaneous injection of much oil, and 
extensive oily inunctions It has also been observed in diabetes 
mellitus with gross hpacmia, after tearing or crushing of the 
subcutaneous fat after fractures of long bones, in chrome nephntig 
with advanced fatty changes in the kidneys, in phosphorus poisoning, 
in eclampsia, and in other conditions In some of the reported cases, 
however, sufficient care to exclude extraneous fat, and to prove 
that the opalescence really is due to fat, does not seem to have been 
taken 

The fat should be extracted with ether or other suitable solvents, 
quantitative measurements bemg made whenever possible For 
the technique of extraction and for further information as to 
methods for identifying the type of fat extracted, the reader is 
referred to larger works 


NITRITURIA 

Nitnturia is common in infections of the urinary tract by 
organisms which can reduce mtrates (B coh, staphylococci, 
B proteus, B lactis mrogenes etc ) and absent m infections due 
to streptococci, gonococci, B tuberculosis, etc , which do not form 
nitrites Indeed, Weltmann has suggested that tests for nitrites 
might be useful as evidence of such infections when microscopical 
and bacteriological examinations are not available Fresh normal 
unne does not contain mtntea, but about £ gm of nitrates 
per diem 

Greenthal found the nitrite test positive in 5 out of 10 'cases of 
pyuria m children, though it is noteworthy that in only one of the 
positive cases w as the urine obtained by catheter He suggests that 
failure of the nitrite test in pyuria (due to organisms of tlio colon 
group) is due chiefly to lack of nitrates in tho urme 

In the writer’s opinion it must seldom happen that the chemical 
test is available when microscopical and bacteriological examinations 
are not, and every physician ought to use his microscope for simple 
examinations such as tho detection of pus in unne It is admitted 
that no chemical test provides so certain a diagnosis of pyuria as 
does the microscope, wherefore the chemical tests would seem to he 
superfluous For this reason the reader is referred to tho article** 
cited and to other books for methods of testing for nitrites. 
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CHAPTER XV 


CHLORIDES. THE INORGANIC CONSTITUENTS 
OF THE URINE 

A qualitative test for chlorides in urine has been given in 
Chapter II For quantitative methods the reader is referred to the 
standard works on physiological chemistry 

For clinical purposes qualitative tests generally give all the 
information required, since only a grossly deficient excretion of 
chlorides is of any significance Both m health and in disease, the 
intake of chlorides influences greatly the excretion in the unne, and 
metabolism experiments are essential m order to interpret results 
slightly above or below the range of excretion m health Quantitative 
analyses aro therefore practically limited to metabolism experiments, 
which are themselves limited to special investigations (see also 
Chapter V) 

In clinical work therefore, we are concerned only with a gro«s 
fall in the output of chlorides such as is revealed by qualitative 
methods The low output of chlorides m nephritis has been discussed 
m Chapter V, where it was pointed out that chlorides are “ locked 
up ” in cedema fluid and therefore there is less to be excreted by the 
ludney Whenever there is extensive cedema, whether or not it be 
associated with renal disease, there is a low output of chlorides 
Furthermore, all extensive collections of fluid m the body tend to 
cause 4 chloride retention, ’ and whenever there is a gross loss of 
fluid other than through the kidneys, the output of chlorides in the 
unne tends to fall Thus m pneumonia, large quantities of fluid are 
transported to the lungs, and are deposited m the pneumonic 
exudate This fluid contains chlorides, for wherever there is 
retention of water, there must he retention of salt also to maintain 
osmotic equilibrium, and so in pneumonia an actual fall in the blood 
chloride results with a consequent gross drop in chloride excretion 
Similarly in ascites, m peritonitis when the exudate is great, and in 
large erapyemata, there is a diminished excretion of chlorides m the 
unne The loss of chlondes by vomiting, the consequent fall m 
blood chloride, and therefore of urinary chlonde, and the accompany 
mg alkalosis has already been described m Chapter IX There also 
was mentioned the importance of making good the fall in blood 
chloride m intestinal obstruction Of recent years, owing to the 
resort to blood analysis in the first place, the value of unne examina- 
tion JTas tended to fade into the background Whilst it is true that 
the interpretation of qualitative tests for chlonde in the urine may 
be complicated by obguna, polyuria, or the difficulties of collection 
of unne, the unne test is exceedingly simple and takes only a few 
minutes ♦ 
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The urine test is probably of most value in the diagnosis of 
pneumonia, and especially irt children, in whom the physical signs 
in the chest are often slow m development A low concentration of 
chloride in the urino is of course not limited to this disease, but may 
be a useful finding as an extension of the clinical exammation At 
the crisis there is a sudden return of chlorides to the urine In 
extensive bums, the urinary chloride may be low, owing to the great 
loss of fluid from the damaged surface, and saline injections form an 
important part of the treatment 

OTHER INORGANIC .CONSTITUENTS 

Phosphates and “ phosphaturia ” have been discussed in Chapter 
IV, and nitrates and mtnturia have been mentioned m Chapter XIV 
The excretion of ammonia has been considered in Chapter IX In 


Daily Output of Salts m Health 




Cm. per diem 

Chlorides . 

as NaCl 

10 to 16 


as Cl 

6 to 9 

Sulphur 

1 Inorganic sulphate 

14 to 3 3 

(os SO,) 

Ethereal 

0 1 to 0 25 

Total 

16 to 3 5 


Neutral sulphur 

0 15 to 0 4 


Total , 

16 to 3 6 

Phosphorus 
(as P,0 4 ) 

Phosphates 

1 to 6 

Organic phosphates 

about 0 05 

Carbonates 

(fresh urine) 

trace * 

Nitrates 

“ 

about 0 5 


* Ammonium carbonate is rapidly formed by the bacterial decomposition of 
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An Individual on a 
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Si hour* 

Sulphur as 
per cent, of 
total 8 

24 tours 

Sulphur a* 
^totals ° 

St hours | 

Sulphur a* 
per cent of 

total 8 

Inorganic SO, 

2 02 

88 2 

3 27 

90 0 

0 46 

60 6 

Ethereal SO, 

0 22 

66 

0 10 

62 

010 

13 2 

heutral sulphur ns SO, 

017 

6 2 

0 18 

4 8 

0 20 

*26 3 

Total SO, 

33 1 

100 0 

3 G4 ! 

100 0 

0 76 

1000 
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clinical work little or nothing of value is to be obtained from 
es tima tions of the output of sodium, potassium, calcium or magnesium, 
except m relation to metabolism experiments , for amounts excreted 
in health see table on p 294 

Sulphur is excreted in three forms, inorganic sulphate, ethereal 
sulphate, and “ neutral sulphur ” (sulphides etc ) Smce the 
differential estimation of the three fractions is rarely of clinical 
value, the reader is referred elsewhere for the technique In 
cystmuria (see Chapter IV), the cystine is mcluded m the neutral 
sulphur fraction Examples of detoxication by conjugation with 
sulphates to yield ethereal sulphates have been given in Chapters 
IV, VI XI and XIV The simple inorganic sulphates are tested 
for by acidifying about 5 c c (lin column in a test tube) of unne 
with concentrated hydrochloric acid, and adding an excess of 
30 per cent barium chloride when a precipitate of barium sulphate 
is given by inorganic but not by ethereal sulphates Normal urine 
always gives a precipitate In poisoning with carbolic acid or with 
other substances which are conjugated with sulphates, the inorganic 
sulphates may be greatly reduced or absent, because most or all of 
the sulphate has been combmed as ethereal sulphate Apart from 
poisoning however, the test is of little or no use clinically 

The intake of all the above salts exerts so great an influence 
on their excretion, both m health and in disease, that only gro^s 
variations, such as can be demonstrated by qualitative tests, are of 
clinical significance Quantitative estimations are practically limited 
to metabolism experiments The upper table on p 289 shows the 
findings in health on an average mixed diet, and is given for reference 
The lower table illustrates the sulphur partition of normal urine 
under different conditions of diet 
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THE COLLECTION, PRESERVATION AND 
QUANTITATIVE ANALYSIS OF URINE 

COLLECTION OF URINE 

The method of collecting unne for chemical examination 
necessarily varies with the particular analysis desired Special 
methods have been noted under individual tests, eg, hourly 
collections in the urea concentration test (Chapter V) 

For most quantitative analyses a sample of the twenty four 
hours’ urine must bo provided, and the total volume excreted must 
be measured At a given hour (say 6 am) the patient is instructed 
to empty his bladder completely and that sample is discarded All 
subsequent specimens, including the one pissed at the same given 
time (6am) twenty four hours later, are collected in a large 
receiver The patient is told to micturate before defecating, during 
the period of collection, so that no unne is lost At the end pf the 
penod the bladder must be emptied completely The volume 
excreted is measured m c c or in oz , and after thoroughly mixing 
the whole collection, a sample (200 c c or more) is taken, properly 
labelled, and sent to the laboratory with a note of the twenty four 
hours’ volume In certain circumstances the complete collection is 
forwarded to the laboratory 

This procedure is necessary in order that the day’s output of a 
particular ingredient may be determined The analyst actually 
estimates the concentration (e g , the number of grammes in 100 c c 
of unne) of the particular substance, and then, knowing the volume 
of unne in twenty-four hours, calculates the excretion of the 
substance per diem 

It must be remembered that, owing to the action of organisms, 
certain ingredients may be decomposed m the course of so long a 
penod as twenty four hours, wherefore preservatives (see next 
section) have often to be added Urea m particular is readily 
changed into ammonium carbonate by bactena, so that preservatives 
should bo added whenever urea or ammonia has to be determined 
( ef note on ammonia coefficient in Chapter IX) Glucose may be 
fermented by certain bactena or by j easts, so thal for accurate work 
preservatives should be added when the day’s excretion of glucose 
is to bo estimated For routme sugar analyses such preservation is 
generally unnecessary if the analyses are made w ithin a f$w hours 
of the completion of the collection 

For routine qualitative tests the night’s unne is usually collected 
This is not only convenient for the nursing staff, but also desirable 
in that the night’s specimen is commonly more concentrated than 
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samples collected during the daytime, owing to the absence of fluid 
intake during sleep The night’s unne is also less affected by diet, 
but m respect to glucose this is often a disadvantage Glycosuria 
may occur after meals, but not after a night’s “ fast ” When 
investigating cases of slight glycosuna it is important to remember 
this, and it is often valuable to collect the unne from meal to meal 
In certain cases of intermittent proteinuria the night's urine may 
be tree from protein, whilst the sample obtained a few hours after 
rising may contain an abundance ( cf Chapter III) 

Sometimes a comparison between the day and night unne is 
useful, eg , to demonstrate “ fixation of the specific gravity ” in 
chrome interstitial nephritis In this disease the concentrating 
power of the kidneys may fail to such an extent that a unne of 
approximately uniform composition and specific gravity is excreted 
both by day and by night 

For most chemical tests it is not necessary to collect the unne 
with aseptic precautions All vessels should be chemically clean 
and dry For exa mina tion of urinaiy deposits fresh specimens 
should be provided, bemg more satisfactory than samples of the 
twenty four hours’ unne 

PRESERVATION OF URINE 

As a routine method of retarding the multiplication of organisms, 
storage in the ice chest or cold room is probably the most generally 
useful, but it is important to remember that the growth of organisms 
is often only retarded and not completely inhibited The combma 
tion of refrigeration and a chemical preservative is an improvement 

Toluene (1 c c per 100 c c of urine) is commonly employed as a 
preservative but is of very limited value The unne after its addition 
must be well shaken Toluene is inflammable It leaves a greasy 
coatmg on all the glass surfaces with which it comes into contact 
It is therefore likely to introduce errors into measurements with 
pipetteB etc If the unne ongmally contams many organisms, 
toluene often fails to stop their multiplication The wnter found it 
unsatisfactory, for instance, in preserving the unne during the 
twenty four hours’ collection pnor to estimations of the ammonia 
coefficient in cases of toxremia of pregnancy 

Chloroform (sufficient to saturate the unne) has the advantage 
over toluene that it settles to the bottom instead of rising to the 
top Its disadvantages are that it fairly readily volatilises, and that 
it reduces the cupnc solutions used for testing for sugar This latter 
difficulty is easily overcome by first boiling the urine to drive off the 
chloroform 

Thymol (sufficient of the crystals or of the powder to saturate 
the unne) is of some value as a preservative for short periods (one 
or more* day’s, varying with the conditions), but there are several 
objections to its use It lowers the surface tension and so may 
upset Hay’s test (see Chapter XII) It modifies the indigo blue 
colour in oxidation tests for mdican (see Chapter XIV), and it may 
interfere with other chemical reactions for certain urinary ingredients 
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Formalin (added to the extent of 5 to 10 per cent formaldehyde , 
commercial formalin contains about 40 per cent formaldehyde) is 
useful for certain purposes, c g , the preservation of urinary deposits 
after these have been separated by centrifugation, but it reduces 
the cupric solutions employed m testing for sugar Its use 
necessitates dilution, the magnitude of which must be measured in 
determining true percentage compositions, but which is immaterial 
in determining the day’s excretion of a given substance, smce the 
lowered concentration of the given substance is balanced by the 
increased volume of fluid recorded as the twenty four hours’ 
measurement 

A saturated solution of perchloride of mercury is valuable for 
preserving urinary deposits after they have been separated by 
centnfuguig, and washed m the centrifuge tube with physiological 
saline The addition of the same salt to urine (eg , to yield a 
concentration of 0 05 gm per 100 c c of urine) has been recommended 
as a general preservative, but is not entirely satisfactory 

The special use of sulphurous acid to prevent the oxidation of 
melanogen (Ice of saturated S0 2 solution per 100 c c of urine) 
and of homogentisic acid in alkaptonuria (5cc of saturated S0 2 
solution per 100 c c of unne) have been mentioned in Chapters XI 
and VI 

For estimations of urea, ammonia, and total nitrogen, and indeed 
for most purposes, the twenty four hours’ urine may he successfully 
preserved by making it strongly acid (pH under 5 0) Brandt and 
Stokstad recommend the addition of about 1 c c of concentrated 
hydrochloric acid to every 100 c c of urme Addis and Watanabe 
employed 60 c c (2 oz ) of approximately 2N sulphuric acid (66 c c 
of concentrated HoSO* in 1,000 c c of water) for the whole twenty- 
four hours’ collection The 60 c c of acid are placed in the large 
receiver, and the samples of unne added immediately after they 
have been passed, mixing the contents of the jar after each addition 
Acidification is the most satisfactory method of preserving urine 
for chemical analysis, except on those occasions when the addition 
of acid is objectionable It is often necessary to neutralise the added 
aexl with alkah before making the analysis CeUular deposits are 
destroyed, and uric acid is precipitated 


QUANTITATIVE ANALYSIS 

The techniques of the estimations most commonly requested m 
clinical work have already been described (protein in Chapter III, 
urea in Chapter V, “ sugar ” in Chapter VI, and diastase in Chapter 
XIII) Recently pH determinations, m controlling the treatment 
of urinary infections by ketogemc diet, or by mandelic acid plus 
ammonium chlonde, or by ammonium mandelate, and the estimation 
of vitamin C (ascorbic acid) have been introduced into clinical work, 
and are described at the end of this chapter For other quantitative 
methods the reader is referred to the standard works on ekemical 
pliysiolog} , etc 
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Normal Urine ; Twenty-four Hours’ Output on a Mixed Diet * 


Acetone bodies (total, as 
acetone) 

20 to 50 mgm 


Acetone plus ace to acetic acid 
(as acetone) , 

3 to 16 mgm 

P hydroxybutync acid (as 
acetone) , 

20 to 30 mgm 

Ammo acid nitrogen 

0 4 to 1 0 gm 

Ammonia .... 

05 to 1 0 gm ’ 

Calcium, as Ca 

0 01 to 0 3 gm 

Creatine 

Ntl or traces 

Infants and* children 10 to 15 

Creatinine 

1 0 to 1 5 gm 

7 to 11 mgm. per kgm. of 
body weight. 

Diastase 

8,000 to 30,000 

Index of 6 7 to 33 3 
Wohlgemuth units. 

Freezing point 

- 1 0 to - 2 5° C 


Glucose 

About 0 5 gm 

Hippunc acid 

About 0 7 gm 

Indican 

0 to 32 mgm 

Usually 5 to 20 mgm 

■''-'.'..W 1V/M 

1 to 10 mgm 


Magnesium, as Mg 



Organic acids 

About 6 c c of 

0 1 N perkgm 

J. Biol Chtm , 1920, 41, 507. 

Oxalic acid . 

15 to 20 mgm 


Potassium, as K 

2 to 4 gm 

Protein 

Nil, or traces of 
mucus only 

Purine bases 

16 to 60 mgm 

Reaction 

pH 4 8 to 7 4 

Mean pH 6 0 

Sodium, as Na 

3 to 6 gm 


Specific Gravity 

1,010 to 1,025. 

“ Sugar ” (total reducing sub 
stances) 

1 0 to 1 5 gm 

Total nitrogen . 

10 to 17 gm. 

See also p 295 

Total solids . 

55 to 72 gm 


Urea . 

20 to 35 gm 

See also p 295. 

Uric acid .... 

0 1 to 2 0 gm 

Average 0 7 gm 

Volatile fatty acids . * . 

8 to 50 mgm. 


Volume .... 

1,000 to 1,800 c c. 

Average 1,500 cc. or about 

1 c c per minute 
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As indicated in Chapter XV, the day’s output of most of the 
urinary ingredients depends largely, and often almost entirely, on 
the intake of those ingredients or their precursors. For this reason 
and owing to the practical difficulties of accurately collecting the 
twenty-four hours’ urine, except in special metabolism wards with 
their fully-trained nursing staffs, the clinician’s attention of recent 
years has been more and more focussed on blood analyses. Nowa- 
days, therefore, excluding estimations of the substances mentioned 
m the preceding paragraph, urine analysis is seldom requested. 
The table on p 294 and the nitrogen partition of normal urine, 
however, are given for reference The main inorganic constituents 
have been discussed in Chapter XV. 


Nitrogen Partition of Normal Urine * 



, The average Man on tbe 

1 average Mixed Diet 

An Individual on a 
Liberal Diet. 

( Folin) 

The same Individual 

on a Protein-deficient 

, aiet , 
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30 0 

14 0 1 

87-5 

31 0 

14 7 | 

87 5' 

4-72! 

22 

617 


00 

05 

31 

06 

0 49 

30, 

051 . 

0 42 



1 55 

0 57! 

36 

1 55 

0 53 

3 6 

161 

0 60 

Bli 


07 

0 23 

1-4 

0 54 

0 18 

M 

0 27 

0 09 

mu 

■Undetermined . 

— 

01 

44 

— 

0 85 

4 8 1 

— ! 

0 27 

■H 

Total— N. 


16 0 

100 o! 


J 16 8 

100 0 ! 

I 

3 6 

100 0 


* From Colo’s Practical Physiological Chemistry {partly after Folrn). 


Note The approximate percentage composition of a sample of the 24 hours 
unno of a healthy man on a mixed diet is urea 1 5 to 2 0, ammonia about 0 04, 
rxns&iaum 0 0? to n Jil .and urjc ac.uJ about f> A? per rwnt k 


DETERMINATION OF URINARY pH 
The simplest method is to employ the Lovibond comparator 1 
(Fig. 62), with a diso of nine glasses for each indicator in steps of 
0 2 pH. Special comparator tubes of identical bore are supplied. 

Measure 10 c.c. of urine into the right-hand comparator tube,* 
add 0 5 c.c. of indicator solution and mix. Place about 10 c.c. of 
untreated urine in the left-hand tube to compensate for the urinary 
colour. Rotate the disc until the colours match and read the 
result. 

1 Supplied with the necessary discs, indicator solutions and tubes by Messrs, The 
Tintometer Ltd , Milford, Salisbury, or by Messrs The British Drug House* Ltd., 
Lpndon, N.I. ' 
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Four indicators cover the range of pH in urine, riz 


Indjc&toi 

pH Range 

Colour CTiMge* 

Acid to Less Acid or Alkaline 

BDH ' 4460 

Brom crcsol purple 

Brom thymol blue 
phenol red 

4 4 to 6 0 

6 2 to 6 6 

6 0 to 7 6 

6 8 to 8 4 

Bed orange yellow green 
Yellow to purple 
"i ellow to blue 

Yellow to red 


It is possible to dispense with the brom thymol blue indicator 
and the corresponding disc 

The concentration of indicator solution (0 04 per cent ) supplied 
by Messrs The British Drug Houses Btd for the test is the same 
as that used in preparing the buffer plus indicator solutions of 
definite pH against which the coloured glasses originally were 
matched 



Fig 52 The Lovibond comparator, opened to show contents, and a disc 
with nme coloured glasses For external view see Fig 7 p 36 

Naturally the urine must be fresh and certainly not more than 
one hour old nhen the test is made If not clear it should ho 
centrifuged or filtered , a slight residual opalescence due to bacteria 
maL.es the “ unknown ” less bright than the “ standard,” but with 
a little practice there is no difficulty w deciding the pH by comparison 
of the tint or hue of the ** unknown ” with that of the standard 
glasses It is easy to see when the colour of the unknown is about 
half way between two consecutive glasses, so that readings can bo 
w made approximately to the nearest 0 1 pH 

The method is based on the usual colorimetric principle for 
urinary pH determinations , the unne plus indicator has a colourless 
glass u y front of it instead of a tube of distilled water , the pH buffer- 
standard solution plus indicator is replaced by the coloured glass, 
and is backed by untreated urine 

The great advantage of this technique is its simplicity, and the 
fact that the standard glasses are permanent 
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Note on Control of Urinary pH in Urinary Infections 

Fuller concluded that the principal factor inhibiting the growth 
of bacteria in treatment by ketogemc diet was hydro xybutync 
acid, and that the activity of this substance increased in proportion 
to the acidity of the urine Rosenheim introduced mandelic acid, 
phenyl hydroxy acetic acid, C e H s CH(OH) COOH as a substitute, 
and thereby avoided the rigid diets required in the first method 
Twelve grammes daily, divided into four doses were recommended — 

Mandelic acid . 3 gm 

Sodium bicarbonate . 1 6 gm. 

Lemon to flavour 

Water to 30 c c 

The fluid intake daily was limited to 2 pints In both methods 
it is essential to keep the urinary reaction markedly acid e g , pH 
between 4 8 and 5 3 for which purpose acidifying salts are employed 
Rosenheim used 1 gm of ammonium chloride m a cachet four times 
daily increasing the daily dose by steps up to 8 gm if the urine aia 
not become sufficiently acid He emphasised the possible danger 
of acidifying salts and pointed out that the occurrence of casts or 
of proteinuria indicated caution and that ammonium chlonde 
should not bo given in the presence of renal failure Acidosis of 
a serious grade is easily produced by acidifying salts (c/ Chapter IX), 
and it is probably this and not the neutralised mandelic acid which 
has been responsible occasional for clinical signs which may be 
alarming and serious if treatment is continued The risks of 
acidosis can easily be measured by determinations of the alkali 
reserve (Chapter IX) 

Ammonium mandelate syrup 1 containing the equivalent of 
3 g m of mandelic acid four times m the day, has largely replaced 
sodium mandelate plus ammonium chlonde The ammonium 
mandelate alone often makes the urine sufficiently acid, but in some 
cases ammonium chloride has to be given as w ell to keep the reaction 
below pH 5 3 Infections with B proleus may be particularly 
resistant to treatment, owing to the difficulty of making the reaction 
sufficiently acid, since this organism forms ammonia from urea , it 
may be impossible to make the urine acid at all 

ESTIMATION OF VITAMIN C (ASCORBIC ACID) 

IN URINE 

Usmg Tillmans reduction indicator, 2 G diehlorophenolindo 
phenol Harris and Ray introduced an easy technique which is of 
clinical value in the diagnosis of sc irvy, the detection of vitamin C 
subnutntion, or in demonstrating that the diet is not deficient in 
ascorbic acid This is the first vitamin for the estimation of which 
the physician has been provided with a simple method 

1 Ammonium mandelate is hygroscopic and -\ery «o)ab!e in water, 3 34 gm is 
equivalent to 3 gm of mandelic acid. 
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Preparation and Standardisation of the Dye Solution 
Treat 0 025 gin of 2 6 dichloropkenolindoplienol with about 
10 c c of boiling distilled water Decant the supernatant fluid into 
a 50 cc volumetric flask Repeat the extraction with similar 
portions of boiling water until all the dye is dissolved, cool and 
make up to 50 c c , 1 c c =05 mgm of dye 

Dissolve 0 025 gm of “ pure ” ascorbic acid in water to 50 c c 
and check its purity by titration against 0 01 N lodme solution 
Thus, measure 5 c c of the ascorbic acid solution into a boiling 
tube or beaker, and run in the 0 01 N iodine solution from a 
microburette, using starch as indicator 

C 6 H 8 0 6 s I 4 wherefore 176 mgm of ascorbic acid should 
require 200 c c of 0 01 N iodine Therefore 6 c c of 0 05 per cent 

ascorbic acid, or 2 5 mgm , should need x 2 5 or 2 84 c c of 
0 01 N iodine solution 

Having thus checked the purity of the ascorbic acid solution, 
use it to standardise the dye solution Tolco of the 0 05 per cent 
2 6 dicblorophenolindophenol add 3 drops (01 c c ) of glacial 
acetic acid and run m the 0 05 per cent ascorbic acid from a micro 
burette, until all the red colour is discharged It should need about 
0 5 c c , i e , 0 5 mgm of dye should correspond to about 0 25 mgm 
of ascorbic acid Calculate what is the exact ascorbic acid equivalent 
of the dye and note it for future use 

The solid dye generally remains unaltered for at least two months , 
it is wise to check it against ascorbic acid at intervals of one month 
The 0 05 per cent solution of dye keeps for about a week, but for 
safety ehould be checked as above described against freshly prepared 
ascorbic acid solution every three days 

Solid ascorbic acid appears to be fairly stable, but each new 
batch should be checked against 0 01 N iodine as above described 
Solutions of ascorbic acid oxidise rapidly m air, and should be used 
as fresh as possible, e g , within one hour of preparation 

Technique for Fresh Urine 

The urum mwah he titrated “ at <av.ee, ” far prattowal yarpaaea 
within half an hour of its being passed Acidification permits of a 
sbght delay — £ee next section 

Measure exactly 0 5 c c of the 0 05 per cent dye solution into a 
boiling tube, add 1 0 c o of glacial acetic acid, and run in the urine 
from a 25 c c burette 1 quickly until the red colour just disappears 
The concentration of acetic acid finally should be about 10 per cent , 
if therefore the volume of urrno required is not close to 10 c c repeat 
the test with the appropriate amount of the acid 

The titration must be completed within two minutes , if it is 
prolonged, substances other than ascorbic acid will also cause some 
reduction of the dye , abo if it is performed extremely rapidly, e Q , 

1 Use a roicroburetto o!5cc or 2 c c capacity for uric ©a rich in ascorbic acid 
as for instance after the admunattatvsn of large doses of tlio vitamin (p 300) 
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within thirty seconds, too much unne will be added — reduction of 
the dye by urinary ascorbic acid is not instantaneous. 

With a little practice the end point is quite satisfactory, except 
for urines very low in vitimm C , the dye then becomes so diluted 
that it is difficult to decide whether dilution or reduction is responsible 
for the disappearance of the colour, and comparison with unne plus 
-jJg volume of acetic acid but no dye is then useful 

Example of Calculation 0 5 mgm of the solid dye in use was 
equivalent to 0 25 mgm of ascorbic acid , 0 5 c c of 0 05 per cent 
dye solution was employed for the test t e , 0 25 mgm of the dye 
which equals 0 125 mgm of ascorbic acid In the titration 10 c c of 
unne were required Therefore 10 c c of unne con tamed 0 125 mgm 
of ascorbic acid Therefore 100 cc of urine contained 1 25 mgm 
The total volume of the sample of unne was 440 c c Therefore the 
whole specimen contained 4 4 x 1 25 or 6 5 mgm of ascorbic acid 

Preservation of Urine by Acidification 
It is best to use fresh urine, but is not always convenient, e g , 
for samples passed in tbo night Hams and Ray recommended the 
addition of 1 volume of glacial acetic acid to 10 volumes of unne 
as preservative, but in spite of this Borne oxidation of the ascorbic 
acid may occur even in four hours Acidification, however, definitely 
retards the oxidation, which moreover can be reversed by treatment 
with H 2 S up to a penod of about eighteen hours Without acidifica- 
tion a significant fraction becomes irreversibly oxidised in a few 
hours, and there may be a total loss in twenty four hours 

Regeneration of Ascorbic Acid by H„S 
Measure the volume in cubic centimetres of each sample of unne 
immediately after it is passed, and add volume of glacial acetic 
acid , or provide bottles, each containing 10 cc of glacial acetic 
acid to which the specimens are added at once on receipt in the 
laboratory measure the volumes and add sufficient acid to make its 
final concentration 10 per cent 

As soon as convenient, and certainly within eighteen hours, 
saturate each sample with H»S by passing the gas for about ten 
minutes Remove the H 2 S completely by means of a vigorous 
current of C0 2 or of nitrogen for at least thirty minutes Test a 
small portion by adding a few drops of a concentrated solution of 
lead acetate , compare with the same amount of another sample 
of the same urine (or of normal unne) which has not been treated 
with H 2 S at all, but to which a similar amount of lead acetate has 
been added There is a precipitate which is white if the removal of 
H.S has been complete, whereas any browning or blackening, due 
to PbS, indicates incomplete removal Finally use the rest of the 
unne, after removal of H 2 S, for the titration just as desenbed above, 
except that no further acetic acid is added 

Example of Calculation The volume of the sample of urine 
Was 300 c c , to which were added 30 o c of glacial acetic acid, 
making a total of 330 c c Titration of 0 5 c c of dye solution, 
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which corresponded to 0 125 mgm of ascorbic acid (see p 200), 
required 15 c e of treated urine Therefore the total 330 c c 

contained ^ X 0 125 or 2 75 mgm of ascorbic acid 


Testing the Saturation of the Subject with Ascorbic Acid 
Healthy individuals show "wide variations in the excretion of 
ascorbic acid according to their diets, but commonly excrete from 
10 to 60 mgm each day Hams et al regard figures below 13 mgm 
per diem as suggestive of vitamin G subnutntion Cases of frank 
scurvy excrete from 0 to about 20 mgm daily An estimation of the 
twenty four hours’ output therefore may be difficult to interpret , 
figures of 30 mgm and over exclude scurvy and vitamin C sub- 
nutntion, but the significance of lesser amounts can only be decided 
after studying the response to the administration of test doses of 
ascorbic acid 

The general trend of results after test doses is clear The 
individual in good nutrition responds at once by an increased 
output of ascorbic acid in the urine , liis tissues are more or less 
saturated with vitanun C The sub scorbutic state is revealed by a 
poor immediate additional excretion , the tissues are not saturated 
and for a few days take up most of the ascorbic acid administered 
In frank scurvy it is necessary to contmue the large doses for several 
days to obtain any increase of excretion of ascorbic acid , it takes 
relatively a long time to saturate his tissues 

The therapeutic test, or test of ascorbic acid saturation, is, 
however, still in the experimental stage, and it is impossible to say 
yet what is the best way of applying it Hams et al have used 
mostly a single test dose of 600 mgm , or 10 mgm of ascorbic acid 
per kilogramme of body weight Archer and Graham noted the 
total of ascorbic acid which had to be given before the subject 
excreted 75 per cent of his day s intake of 1 000 or 400 mgm 
For details the reader is referred to the papers of the authors cited 
There is no difficulty m recognising cases which had previously 
received diets grossly deficient in, or amply supplied with vitamin C, 
but it is likely that the intermediate states of vitamin C nutrition 
■will grade into one another Hone the less the therapeutic test 
undoubtedly assists m judging the state of vitamin C nutrition, and 
in assessing the significance m the preliminary test of a twenty four 
hours’ output of less than 30 mgm of ascorbic acid 

Notes Medea has published a colorimetric method for 
determining ascorbic acid m urine with phospho 18 tungstic acid, 
which she claims is more accurate for unnes rich m the substance 
Technically (see particularly her second paper) it is more complicated 
than the dye method and is unlikely to be preferred for clinical work 
With unnes low in vitamin C there is little doubt that the 
titration method includes small quantities of reducing substances 
other than ascorbic acid, and several modifications have been 
introduced to overcome this At present there is no general 
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agreement as to what is the best technique, and the wnter feels 
that the simplest method as above described is so far the best for 
clinical work. 
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CHAPTER XVII 

THE COLLECTION AND PRESERVATION OF BLOOD 


COLLECTION 

The site from -which the blood is collected vanes with the 
amount required and the nature of the analysis desired 

Capillary blood is obtained by pricking the finger, puncturing 
the lobe of the ear, or stubbing the heel In the case of the finger a 
piece of rubber tubing is wound round from above down towards the 
tip of the finger, so as to make the end of the digit full of blood 
Or the operator, with Ins own thumb and second and third digits 


Ss2^3===- 



may compress the patient’s finger successively from base to apex 
(Fig 53) The finger must be warm to ensure a good flow of blood 
If it is not, it should be wanned, either by massage, or by immersing 
tho band m hot water (and then drying it) Swinging the arm 
round and round and hanging it down also helps The pnch is made 
with a sterile large surgical straight triangular needle, or “ blood 
guu ’ (Tig 53) The stab may be made close to the base of the nail, 
but it is generally more convenient to me the extreme end of the 
digit (Fig 53) Pressure on tho nail will increase the amount of 
blood ejected Both for the patient’s comfort, and to reduce the 
risk of clotting, excessive squeezing and undue constriction should 
be avoided Having squeezed out as much as will flow readily, tho 
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constriction is released, the finger allowed to fill again with blood, 
and the process repeated One Cubic centimetre, and often more, 
may easily be secured 

In the case of the ear, it is best to punch out a small piece of 
skm with a glass pricker The latter is made by drawing out slowly 
a piece of gla^s tubing m the blowpipe (Fig 54, a) The capillary 
portion is broken in the middle Each of the resulting two pieces 
may be made into a pricker as follows The capillary, at its junction 
with the mam tube, is placed in tho lower (cooler) part of a bunsen 
flame, and when just red hot is drawn out slowly (Fig 54, b) When 
cool the major portion of the capillary is snapped off, leaving a 
stump of capillary attached to the original tube This stump is 
cut short till its cross section is of the desired size, by drawing it 
sharply across the detached capillary, the detached capillary thus 
acting as a “ cutting ” edge (Fig 54, c) The end of the pricker is 



Fig 64 Stages in the preparation of a sterile glass pnekor 


stenle, and must be left rough (Fig 54, d) The ear is made 
thoroughly warm by the patient, who is asked to rub it with the palm 
of his hand The pricker is then " bored ” into the most fleshy 
port of the lobe T Yhen removed, s tmy plug of sion ts often seen 
m the tip of the pricker The shoulder on the pneker, if it is made as 
illustrated, prevents it being pushed m too far The lobe is grasped 
between the first and second digits of the one hand and the third 
and fourth digits of the other hand, and the base of the “ blob ” of 
lobe is firmly but not ferociously constricted (Fig 65, a) By 
approximating the two hands (Fig 65, b) a large drop of blood is 
“ milked ” out On releasing the grip the lobe fills rapidly with 
blood, when the process is repeated The milking is not started, of 
course, till the initial spontaneous flow of blood is stopping Thi3 
method requires a little practice, but once mastered, is very useful 
It is easy to collect 3 to 5 c c of blood in this way The method is 
particularly helpful when running blood (01 or 0 2 cc) straight 
into a pipette for blood sugar estimations, etc (See Fig 55, a ) 
"When taking samples at half hourly intervals m the sugar tolerance 
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test, one prick with the glass pricker will often suffice for the whole 
curve since a tmy piece of skin is punched out At the end of each 
half hour, the ear is wanned the clot removed with the aid of a piece 
of moistened lint, the lohe dried, and the milking process started 



Fia 55 Collection of blood from ear a Directly into a pipette b Into 
a l«yon s tube 

again The whole secret of success lies m the avoidance of pinching, 
winch is not only painful to the patient but also rapidly causes the 
blood to clot Contrary to what might be expected the pneker 
causes little if any, more pain than a needle Some workers use a 
cataract knife, instead of a pneker, and make a small incision in 
the lohe 

It is often difficult to obtain blood from infants The best vaj 
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to secure capillary blood is to grasp the ankle firmly so as to make the 
foot congested, and then to stab the heel with a stout surgical 



needle The blood is then “ milked out ” by massaging from the 
toes down to the heel, gripping the whole foot m the hand (Tig 56) 
Venous blood is obtained from one of the veins at the bend of 
the elbow, or from any cutaneous vem made prominent by suitable 
constriction (Fig 57) Franklin and McLachlin have shown that 
veins dilate in response to tapping, and suggest that this may be of 



n 

rio 67 Obtaining blood from a euperfieial vein of the arm n Needle with 
rubber tubing sterilised in plugged tube 


practical value in difficult cases The part is cleansed, e g , with 
[alcohol and ether, or with acetone, the constriction is applied, and 
Ithe needle is inserted in the vem, which is fixed with the thumb or 
forefinger (Fig 57) The blood is then collected Before withdrawing 
the needle, the constriction is released, 60 that a hsematoma docs 
not result on taking out the needle Immediately after withdraw ing 
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the needle, a wad of wool and digital pressure is applied for two or 
three minutes If the puncture is made in front of the elbow the 
arm should be kept extended Flexing the elbow tends to impede 
the collateral circulation, and to pucker up the skin so that blood 
readily collects m the loose subcutaneous tissues A piece of 
bicycle inner tube makes 'a most excellent and comfortable broad 
tourniquet In cases of difficulty the whole arm may first be 
immersed in a warm bath till the veins are nicely distended In 
adults, a needle with a rubber connection is often used for taking 
the sample (rig 57, ») In children, and in any case in which 
difficulty is anticipated, it is generally best to use a Byrmge, so as to 
be able to apply auction The aynuge may with advantage be 
lubricated with liquid paraffin, except when “ fats ” are to be 
estimated After use, the syringe and needle are washed out with 
tap water at once, and later with distilled water and acetone The 
syringe then rapidly dnes, after which it is lubricated agam with 
liquid paraffin The needle, re sharpened if necessary, may be 
placed in a small tube, projecting into the lumen of which are three 
protuberances Each of these is made by heating to red heat in the 
blowpipe flame a small area of the wall of the tube, which is then 
pushed in with the point of a file The shoulder of the needle rests 
on the protuberances, so that the paint does not reach the bottom of 
the tube, which is plugged with cotton wool and sterilised in the 
hot air oven (Fig 57, n) 

In young children a superficial vein m the neck is often selected, 
and the child is best placed on its side on a rigid table with the head 
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is not the least danger if one golden rule is observed, vi 2 , never bury 
the needle deeper than the length of its betel The infant is placed on 
its bach across the bed or on a table, and the head is securely held 
by an assistant, who places his hands firmly one over each ear 
The head must be held rigid, no movement being allowed The shin 
over the anterior fontanelle is painted well with iodine The needle 
is inserted in the posterior angle of the fontanelle in the mid line, 
and as already stated is pushed just through the shin (Fig 59) 
If blood is not obtained the needle is not pushed in any farther, 
but is removed and reinserted slightly to the right or left It is a 
help if the patient’s head is just short of the edge of the bed or 
table, so that there is room for the operator to rest and steady his 
hand It is a good plan to turn the bevel of the needle downwards, 
towards the bed, so that if the hand drops a little the bevel falls 



1 ia 50 Collecting blood from an infant s longitudinal emus 


towards the scalp If the bevel is turned uppermost and the 
operator's hand drops, there will often bo a leakage of blood — so 
short is the distance between the surface of the skm and the lumen 
of the vein With observance of the above directions cerebrospinal 
fluid will seldom, if ever, be drawn Man} thousands of punctures 
have been performed on out patients m children’s hospitals without 
any accidents, the operation being no more serious than any other 
form of vom puncture This is mentioned because the writer lias 
not uncommonly met with marked aversion to the procedure If 
cerebrospinal fluid should accidentally be tapped, pressure should 
be applied to the site of puncture, the infant should be placed 
upnght and kept under observation till the flow lias ceased — usually 
only a matter of a few minutes ■* 

Arterial blood is obtained by puncture of the radial, brachial or 
femoral artery with the aid of a tine needle and aynnge, and, 
usually, local anesthesia At present 'this method is u«ed only 
occasionally m clinical work, but when it becomes general!} rccog 
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msed that there is no appreciable risk attached in skilled hands, 
no doubt it will be more widely used, and it will enable much 
valuable information to be acquired Arterial blood is particularly 
important in investigations involving blood gas analysis 

Apparatus for Collecting Blood. 

Capillary blood may be collected m a Bmall test tube (Fig 53 and 
p 309) in a crucible, in a Wright’s or Lyon’s tube (Fig 55, b), or 
directly into a pipette (Fig 55, o) 

When obtaining venous blood, an all glass syringe with solid 
plunger is best A hollow plunger, however, is often satisfactory 
if lubricated with liquid paraffin Obviously the syringe must not 
contain physiological saline or water if quantitative estimations are 
to be made on the blood, owing to the introduction of an unknown 
dilution A “ Behring venule ” (obtainable from Messrs Bajer 
Products Ltd , London) is convement for those w ho only occasionally 
perform vein punctures Those who have the facilities of a chemical 
pathological laboratory, or for sharpening and sterilising their own 
needles, will find the apparatus previously described less expensive 
in the long run 



When blood is to be collected directly under paraffin to prevent 
loss of gases, the device illustrated in Fig 60 is useful With the 
Emery two way tap open to air, the piston of the syringe is removed 
With the tap closed, the requisite amount of neutral potassium 
oxalate powder is tipped into the barrel Liquid paraffin is then 
poured down the inside of the barrel careful!} to avoid inclusion of 
air bubbles The piston is dipped m liquid paraffin and is then 
pushed into the barrel 1 in or so , the synnge is slow ly inverted so 
that the nozzle is uppermost, allowing the paraffin to run slowly 
down on to the top of the piston The tap is opened and all air J s 
displaced by slowly pushing up the piston The tap is then closed 
A sterile needle is htted and the vein (or artery) is punctured The 
tap is turned to connect with the side tube and blood is allowed to 
flow through into the little glass receiver, eo as to displace all air 
from the needle Incidentally, this device enables the operator to 
see whether blood is flowing freely The tap is then turned to 
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connect with the syringe, and the blood is collected under the 
paraffin without admission of air, or loss of gases from the blood 
The tap is closed, the needle withdrawn, and the syringe is rotated 
to ensure solution of the oxalate 

Van Slyke and Ins colleagues, m accurate work on blood gas 
analyses and electrolyte determinations, find it best to collect the 
blood over mercury The reader is referred to Peters and Van 
Slyke, Quantitative Clinical Chemistry, Vol II, for a discussion of 
this and other methods of anaerobic drawing and preservation of 
blood 


PRESERVATION FOR ANALYSIS 

Prevention of Clotting Neutral potassium oxalate or sodium 
citrate is generally used In special work in which anti coagulants 
are objectionable, clotting may be retarded for a few minutes by 
lubricating the needle and syringe with Btenle liquid paraffin, and 
by lining the centrifuge tube with paraffin wax Hirudin and 
heparin are rarely used m clinical work A final solution of 0 2 to 
0 3 gm of neutral potassium oxalate, (COOK) 2 4H 2 0, per 100 c c of 
blood is the concentration at which to aun Clotting may not be 
prevented by concentrations of less than 0 15 per cent , and 
amounts exceeding 0 5 per cent are apt to interfere with the 
accuracy of certain analyses It is not necessary to weigh out the 
oxalate each time In the first instance, say, 0 025 gm of the dry 
finely pondered oxalate is accurately weighed into a tube in which 
10 cc of blood are to be collected, and thereafter a pinch of 
approximately the same volume as the 0 025 gm is taken Of 
course, proportionately smaller or larger amounts may be used, 
depending on the volumes of blood to be collected It is often 
advisable to make the oxalate very finely divided, and to coat the 
walls of the vessel with it If this precaution is not observed, for 
instance, when collecting capillary blood in a tube, clotting is 
almost certain to occur, because the blood starts to congeal as it 
runs down the side, and because powdered oxalate is relatively 
coarse and takes a fair tune to dissolve in blood The following 
is a convenient method for lining a tube with finely divided 
oxalate — 

The tubes should be about 55 mm long and 12 mm in diameter (external measure 
menta) Fill one tube with ft 6 per cent solution of (COOK.), 411,0 and tip the 
contents into a. second The walls of the first tube are thus moistened with about 

0 1 c c of the solution. Place the tube on a hollow wire gauze and rotate it over ft 
llatno until just dry Avoid overheating which converts the oxalate into carbonate 
The thin film of about 5 mgm of oxalate will prevent coagulation of the blood in 
amounts up to about 2 c c 

In certain circumstances it is more convenient to add a saturated 
solution of oxalate to the blood immediately after withdrawal 
One or more drops of known volume are added to the blood Thus, 

1 drop from a pipette delivering 15 drops to the cubic centimetre 
added to 5 c c of blood gives approximately a 0 3 per cent solution 
It is com ement to collect the blood m (centrifuge) tubes marked 
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at 5, 10, and 16 c c , and to add the requisite number of drops of 
saturated oxalate solution This method introduces a slight dilution 
error of the order of 1 to 2 per cent , but this may be neglected or 
allowed for The advantage of the saturated solution as opposed 
to solid oxalate powder is that the former is less likely to cause 
haemolysis 

In the case of sodium citrate, C 8 H 5 0 7 Na 3 6|H 2 0, a final 
concentration of 0 6 to 0 76 per cent is aimed at Less than 0 3 per 
cent may not prevent clotting One drop (■j’g- c c ) of a saturated 
solution of citrate to 6 c c of blood gives approximately a 0 6 per 
cent solution This a even less likely to cause hsemolysia than a 
saturated solution of oxalate When estimating calcium, oxalate 
must not be used, because the calcium would be precipitated as 
calcium oxalate Citrate is safe because a soluble, though non ionised 
calcium compound is formed 

Prevention of Changes in Shed Blood (Glycolysis, etc ) Often the 
blood analysis cannot be carried out immediately after withdrawal 
In that case changes in the shed blood must be prevented or retarded 
This holds particularly in sugar estimations Glycolysis may start 
in shed blood m as short a period as fifteen minutes under certain 
conditions, but a3 a rule oxalated blood may safely be kept corked 
at room temperature for an hour or so Many reagents have been 
suggested to prevent clottmg plus glycolysis The ttfo following 
are probably the best ( cj Evans, John, Sander) 


"> SSs 4 ”* ;;£)p» ,o o coo, biood 

The two Bubstancea are finely powdered and mixed thoroughly together in the 
above proportion (10 to 1) Of the mixed powder 0 1 gm is convenient for 10 cc 
of blood (Some workers recommend smaller amounts even down, to one fifth of 
the above t e , 0 2 per cent e/ inorganic phosphate p 366 ) This powder Will 
prevent glycolysis for one to two weeks and will preserve the blood for analysis of 
sugar uric acid creatinine and non protein nitrogen for several days 


(2) 


Sodium fluoride 0 1 gm 

Neutral potassium oxalate 0 3 gm 


per 100 c e of blood 


This will prevent clotting and glycolysis for two or three days 


These preservatives are particularly useful when samples have 
to be Bent through the post, but they must not be used if urea is to 
be determined by a urease method, because fluoride is an ' enzyme 
poison In practice a tube containing fluoride thymol, or fluoride 
oxalate, is provided when sugar is to be determined and a plain 
oxalate tube is sent when urea is to be estimated , the urea in 
oxalated blood does not alter in twenty four hours 

Prevention of Loss of Gases Before making gas analyses, and 
also m the estimation of plasma chlorides, it is necessary to preient 
loss of gases from the blood At the moment of withdrawal the 
blood is in equilibrium with the gaseous content of the surrounding 
tissues Arterial or capillary blood haB approximately the same 
tension of COa as alveolar air (normally about 5 per cent or 40 mro 
of CO.) Venous blood contains more CO. When exposed to 
atmospheric air, C0 3 is rapidly given off, because the ordinary oW 
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only contains some 0 03 per cent of CO* For this reason shed 
blood plasma would tend to become more alkaline, but this is 
compensated for, in part at any rate, by migration of ions (and 
particularly of chlorine ions) from the corpuscles into the plasma 
It follows therefore that the plasma of shed blood exposed to the 
ordinary air becomes richer in chlorides than the original " true 
plasma ” circulating in the vein To prevent this “ chloride shift ’ 
the blood must be collected without lo«s of gases (see p 179) In 
most clinical work, the blood may be drawn into a centrifuge tube 
containing oxalate , after mixing it is covered with a layer of 
paraffin, centrifuged as soon as possible, and the plasma separated 

THE CHOICE OF WHOLE- BLOOD, PLASMA OR SERUM 

For most analyses whole blood (suitably oxalated or citrated) 
is preferred Plasma is generally used rather than serum in chemical 
work because plasma can be separated more quickly Whole 
blood is the more economical, but plasma analyses represent more 
accurately the chemical composition of the actual fluid supplying 
the needs of the tissues This holds m the case of certain constituents 
(chlorides ionised hydrogen, etc ) only when “ true plasma ” is 
employed (see above) To obtam 6 c c of plasma it is usually 
necessary to draw 10 c c of blood or slightly more Serum, roughly 
speaking is plasma less fibrin 

In some cases (e g , urea) the constituent is approximately 
evenly distributed between corpuscles and plasma, so that it is 
immaterial whether whole blood, plasma or serum is used Urea is 
accordingly generally estimated in whole blood Sugar likewise is 
almost always determined m whole blood When examining the 
blood for abnormal pigments, plasma or serum is used, and htetnolysis 
must be avoided (see “ Icterus Index,” Cha pter XII) In a few 
instances (e g , sulphsemoglobm (Chapter XVllI) ) the abnormal 
pigment is mtracorpuscular, so the sediment of corpuscles obtained 
by centrifuging, or whole blood, is examined Serum or citrated 
plasma, but not oxalated plasma, for reasons already given, is 
required for calcium determinations 

From the table on pp 333 to 336 it will he seen that certain 
substances are not evenly distributed between corpuscles and plasma 
It is therefore essential to state in the report of the analysis whether 
whole blood, plasma or serum has been employed In the case of 
blood sugar findings it is important to note whether capillary or 
venous blood has been used ( cf Chapter VII) 
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CHAPTER XVIII 

BLOOD : QUALITATIVE EXAMINATION 

Books The information collected in this chapter is scattered through 
the books on Chemical Physiology, Clinical Pathology and so on One 
book gives a comprehensive account of one portion of the subject, another 
book .treats a second portion "well, but the writer has been unable to 
find any one exhaustive treatise Perhaps the fullest information is in 
MacMunn’s The Spectroscope m Medicine, but this was published in 1880 
and requires extension, but very little in the way of correction, to bring 
it up to date Cole’s Practical Physiological Chemistry has been consulted 
for some wave lengths and includes a brief account of recent investiga 
tiona m Cambridge on the chemistry and physiology of the blood pigments, 
which has been abstracted In Wells’ Chemical Pathology portions of the 
subject are treated more fully than by the writer, and the reader is referred 
to that book for further references (e g , under hiematinsomia) Von 
Jaksch s Clinical Diagnosis (translated by Garrod) gives several points 
not easily found elsewhere 

NAKED -EYE APPEARANCE 

This should always be noted carefully, for sometimes it may 
give valuable indications Normally, after centrifuging, the 
corpuscles occupy half or a little more than half the total volume 
Marked constriction of the arm when draw mg the blood causes the 
proportion of corpuscles to increase After severe hemorrhage, or 
in any marked anemia, the proportion of corpuscles is of course 
reduced Prolonged constriction of the vein is the commonest 
cause of the blood appearing very dark (see “ reduced Iuemoglobm ”) 
A rare cause is polycythemia Sometimes the whole blood as 
drawn has a creamy sheen, and the plasma or serum should always 
be examined to see whether lipasmia is present 

UP-ffiMIA 

The term "lipemia” should stnctly only be applied when the 
fresh plasma is milky Plasma on standing overnight often becomes 
opalescent , that is not true lip*mia Normal plasma, obtained 
after a night’s fast, is clear although it contains a total of 450 to 
1,260 mgm ‘ fats ” or lipoids per 100 c c (see p 334) With larger 
quantities of fats m suspension the plasma becomes increasingly 
opalescent until with a gross excess it is milky, hence lipamia of 
different grades Lipauma quite ''commonly occurs in healthy 
individuals a short time after a meal nch in fat, and is then physio- 
logical Pathological hpsemia occurs in some cases of diabetes 
melhtus, of xanthomatosis, and of chrome parenchymatous nephritis 
(nephrosis) Often in these cases the lipscrma persists after a night’s 
fast 



BLOOD QUALITATIVE EXAMINATION 


313 


COLOUR 

The colour of the plasma or serum may give useful information 
Normally it is pale yellow or straw, and is due mainly though not 
entirely to bilirubin (see Icterus Index, Chapter XII) In jaundice 
the plasma or serum is obviously a deeper yellow owing to the 
hyperbihrubmsemia In carotinzemia the abnormal yellow colour 
of the plasma is due to hpochromes, carotin or xanthopliyll The 
commonest cause of carotmcemia is excessive ingestion of vegetables 
(green vegetables, carrots, egg yolk, etc ) The condition has also 
been termed xanthochromia and xanthosis It is not uncommonly 
noted in the initial stages of the treatment of diabetics with diets 
rich in vegetables It may occasionally be encountered in patients 
who are mobilising large quantities of fat from their depots The 
latter factor may coexist with the diet factor m some of the examples 
seen in diabetics Carotin semia may be encountered in non-diabetic 
patients who are not eating many vegetables It may occur in any 
cachexia 

Hyperbilirubinceihia may readily be distinguished from caro 
tuuemia by Van den Bcrgh’s test (see Chapter XII) Bdirubm gives 
a pink colour with the diazo reagent, the hpochromes do not 
Both are included m the Icterus Index (see Chapter XII) Spectro 
scopically hpochromes give no absorption of the colours, whereas 
solutions of bilirubin give a continuous absorption of the blue end 
of the spectrum, but no absorption bands 

In addition to carotmcemia, there are other rare conditions m 
which “false jaundice ” is seen, eg , after the ingestion of picric 
acid — a device occasionally used in the Great War by malingerers 
Reddish tinges are generally due to hzemolysis occurring after 
the blood is drawn This may easily be checked by examination 
with a direct vision spectroscope for the characteristic bands of 
oxj haimoglobin Occasionally, however, true hremoglobinacmia, 
t e , haemoglobin present in the plasma in vivo, does occur (see later) 
The whole blood may be chocolate in colour, and the plasma 
brown or normally coloured according to the location of the pigment, 
irr Btethsemagloinaaecaia and stilphaztoagtebinesmia p 328} la 
carboxyhaemoglobmiEmia the blood is pinker than normal, especially 
when diluted (see p 319) 

On very rare occasions other tints may be observed The writer 
once found the plasma yellowish brown in a woman w ho had been 
dosing herself for some time with extracts of enormous quantities 
of senna pods — tw o hundred and fifty pods daily 1 On spectroscopic 
examination the plasma show ed no abnormal absorption bands In 
a case of kala azar (untreated) in a child, the fresh scrum w as 
distinctly green— probably due to the formation of biliverdin 

THE SPECTROSCOPICAL EXAMINATION OF THE BLOOD 
A description of the use of tho direct vision spectroscope has 
been given m Chapter X 
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Blood is obtained by venepuncture, and serum or plasma is 
separated carefully in the usual way The serum is examined 
directly with the spectroscope The corpuscular mass is diluted m 
the centrifuge tube by 5, 10 and if necessary more volumes of 
distilled water, and after each addition the mixture is examined 
spectroscopically When the bands of a foreign pigment are near 
those of oxyhaemoglobm the dilution has to be considerable to avoid 



Fio 61 Spectroscopical examination of the blood in oiix> m the web of the 
thumb and in the lobe of the ear 


the masking effect of the latter, and it follows that in such cases the 
test is not sensitive When however, a foreign pigment yield 3 
absorption bands m different parts of the spectrum the spectroscopic 
test is fairly sensitive Thus m methaimoglobmaemia and m 
8ulphffimoglobuuerma the characteristic band in the red may be 
sought for in a dilation of 1 m 6 and 1 in 10 respectively when 
viewing a 1-m thickness of solution , or a thin layer of undiluted 
circulating blood may be examined in the ueb between the thumb 
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and first finger, or in the ear (see Fig. 61). The examination in vivo 
is not so delicate as the examination of the blood tn vitro. 


H/EMOGLOBIN AND ITS DERIVATIVES 
The absorption spectra are illustrated on p. 212, and the wave- 
lengths (A) of the different absorption bands are summarised below. 


Wave-lengths of maxima of absorption bands of hcemoglohin and its 
derivatives in tenth^metres, 0-1 mp, or Angstrom units 


Substance 


1 X of Absorption Bauds. 

he marks 

! a 

p 

y 

s 

Oxyhieraoglobm . 
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5,400 

— 

— . 
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- , 


Car boxy haemoglobin 

i 2 
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- 

- 1 
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Nitnc-oxide haemoglobin. 

2 
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- 

- 

Hartridge f 
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4 
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US 


Alkaline methaemoglobm 


(6,040 Jl 1 

6,779 1 
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IB 
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2 
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B 
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* The wave length of the a hand of acid lisematin in N/IO HC1 is about 6,6 20, 
and in acetic acid about 0,300. 

t Hart ridge, H , J. Phynol , 1920-21, 54, 258 

KoU. For wave lengths of Fraunhofer line*, see p. 210. 
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The work of the Cambridge school (Anson and Mirsky, Keikn, 
Hill and Holden) has made clear the relationships of haemoglobin 
and its derivatives An abstract of Cole’s summary follows 

Reduced haemoglobin is a compound of alkaline reduced haematm 
and native globm , the iron is in the ferrous state 

Oxyhaemoglobin is oxygenated (not oxidised) haemoglobin , 
the iron is still in the ferrous state , the oxygen is held in loose 
combination 

Methaemoglobin is a compound of neutral hcematm and native 
globm It is oxidised (not oxygenated) haemoglobin , the iron is in 
the ferric '■tate 

Reduced haematm contains ferrous iron, and is 
Haematm is formed by oxidation of reduced haematm, and 
contains ferric iron • It is C 34 H 32 N 4 0 4 Fe0H 

Parahaematm (k athaemoglobm) is a compound of neutral 
haematm and denatured globm 

TTasmin is haematm chloride, C 34 H 32 N 4 0 4 FeCl 
Haemo chromogen (globm haemochromogen) is a compound of 
alkaline reduced haematm and denatured globff It contains ferrous 
iron 

The porphyrins are pigments obtained from haematm by splitting 
off the feme iron, or from reduced haematm by splitting off the 
ferrous iron 

Protoporphyrin (= Kammerer’a porphyrin = blood porphyrin = 
ooporphyrm) may be formed, by treatment with dilute hydrochloric 
acid, either from reduced haemoglobin m the absence of oxygen, or 
from reduced haematm , it may also be prepared by treatmg blood 
with acetic acid and hydrazine Protoporphyrin combines with iron 
to give haematm (protohaematm) Four molecules of protohasmatio 
when reduced to “ reduced haematm,” and combined with the native 
protein globm give haemoglobin (reduced haemoglobin) All the 
natural haemoglobins are derived from protohaematm and therefore 
from protoporphyrin 

The following probably represents the chemical relationships of 
the porphynns — 

Reduced haematm, C 2(> H 4 FeN 4 (4 CH 3 , 2 CH 2 CH„COOH , 2 CH OH.) 
Protoporphyrin, C 20 H # N 4 (4 CH 3l 2 CH„CH„COOH , 2 CH CH.) 
H£ematoporphyrm,C2oH 8 H 4 (4CH 3 2CH 2 CH 2 COOH, 2CHOHCH 3 ) 
or C 31 H 38 N 4 O e is not found in natui e It is prepared in the laboratory 
by the action of concentrated H 2 S0 4 on blood Or haemm It 18 
unfortunate that it has been called “ haematoporphynn,” because, u> 
medicine, that term used to be employed for the porphynns ns a 
group m unne or m faeces respectively 

Mesoporphyrm,C 2 „H,N, (4 OH,, 2CH.CH,COOH, 2 CH,CB,) 
or C 34 H 38 N 4 0 4 , is reduced protoporphyrin 

Uroporphynn, CjoHgN* (4CH 2 COOH, 4 CH 2 CH 2 COOH), is the 
chief porphyrin found in the unne of man pathologically 
Stereo or copro porphyrin, 

C 20 H e N 4 (4CH 3 , 4CH 2 CH 9 COOH), 
is the porphyrin found in human faeces and normal unne 
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They each contain four pyrrole rings, united by methene ( CH) 
bridges to form a porphyrin ring 

Following the method of expressing these relationships in 
Peters and Van Slyke's Quantitative Clinical Chemistry, the group 
C 3 iH 32 N 4 0 4 may be termed porphryl and symbolised as Por and 
the haemoglobin compounds and derivatives classified as follows — 

Iron free Compounds 

Porphyiyl group, C^H 3 S N 4 04 Por 

Protoporphyrin C 31 H 31 N 4 0 4 Por H 2 

Uroporphyrin, C 40 H 38 N 4 O 16 Por (COOH) e 

Copro orsterco porphyrin, C 36 H 38 N 4 0 8 Por (COOH) 2 H 4 

Ferrous Compounds 

Reduced hacmatin Por Fe++ 

Reduced hsemoglobm (Globm) (Por Fe ++ ) 

Ox > haemoglobin (Globm) (Por Pe ++ )0 2 

Carboxyhasmoglobm (Globm) (Por Fe ++ )CO 

Nitnc oxide haemoglobin (Globm) (Por Fe+^NO 

Globm htemochromogen 

(Denatured globm) (Por Fc ++ ) 

Ferric Compounds 

Hacmatin Por Fe+^+OH 

Haemm, or hacmatm chlonde Por Fe +++ Cl 

Methaemoglobm (Globm) (Por Fe +++ OH) 

Cjanhaemoglobm (Globm) (Por Fe+^+CN) 

HjEMOGLOBIN^EMIA 

Normally haemoglobin is confined within the corpuscles The 
presence of hsemoglobm free m the plasma (haemoglobin o?mia) baa 
been described in pernicious ancenua, in paroxysmal hemoglobinuria, 
after the transfusion of mcompatible blood and m blackwater fever 
In the laboratory it is very commonly noted that the plasma or 
serum contains traces of haunoglobm, but such hasmolysis has 
nearly always occurred after withdrawal of the Wood In fart, it is 
not easy to prevent this hremolvsis (see note under Icterus Index, 
Chapter XII) 

REDUCED HAEMOGLOBIN 

Solutions of reduced hemoglobin show a single absorption band 
between D and E (p 212) Tho dark colour of venous blood 
collected after applying constriction to the arm is due to reduced 
hemoglobin The proportion of reduced hemoglobin in blood 
obtained from patients, however, cannot conveniently bo determined 
by spectroscopic examination It may be measured by the oxygen 
unsaturation of the blood Lundsgaard has shown that about 5 gm 
of reduced hemoglobin per 100 c c of capillary blood arc necessary 
to cause cyanosis This corresponds to an oxygen unsaturation of 
about 7 volumes per cent The amount of oxybaimoglobin present 
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has very little effect on the cyanotic hue (c/ also Chapter XIX, 
under Oxygen) 

CARBOXYH^EMOGLOBINiEMIA AND CO-POISONING 
Carboxyhaemoglobin is more stable than oxyhemoglobin, so that 
if <$arbon monoxide is breathed for any length of time the carboxy* 
compound replaces oxyhemoglobin It is easy to understand, 
therefore, that air containing small proportions of CO is dangerous 
if breathed contmnously for several hours Frederick quotes the 
data of Henderson et al 


Concentration CO per cent 

Allowable for an exposure of several hours . • 0 01 

Can bo inhaled for one hour without appreciable eSect . 0 04-0 05 
Causing a just appreciable effect after one houre exposure 0 00-0 07 

Causing unpleasant but not dangerous symptoms after one 

hour e exposure . • 0 1-012 

Dangerous for exposure of one hour ■ 0 15-0 20 

Fatal m exposure of less than one hour . 0 4 and above 

On the other hand, if the patient is removed to a CO free 
atmosphere and breathing is maintained, the? CO is fairlj quickly 
washed out It is important to remember this when examining the 
blood from cases of suspected CO poisoning If artificial respiration 
has been apphed for some tune previous to the drawing of the blood, 
and particularly if it has been combined with oxygen administration, 
the CO content of the blood examined may bo very much less than 
the CO content of the blood at the time of the patient’s collapse 
Up to 15 or 20 per cent of the hemoglobin m a non anaemic 
person may be combined with CO before symptoms of CO poisoning 
are noted It is not uncommon, for instance, for the blood of 
tobacco smokers to contain about 5 per cent of CO hemoglobin 
The quantity of oxyhemoglobin left, however, is the important 
point, for symptoms only occur when the blood cannot cany 
sufficient oxygen A statement of tho percentage of carboxy 
hemoglobin may, therefore, be misleading by itself If the subject 
is already anemic, for example, a smaller percentage than 20 would 
suffice to cause symptoms of CO poisoning With an approximately 
normal total hemoglobin, Henderson and Haggard relate the 
symptoms to the percentage saturation as follows — 


vith CO wi cen 
of total Jib 


10 No appreciable effect except shortness of breath on vigorous muscular 

exertion 

20 No appreciable effect in most cases except short wind even on 
moderate exertion , slight headache in some cases 

30 Decided headache , irritation , ready fatigue , disturbance of 
judgment 

40-50 Headache confusion collapse and fainting on exertion 

60-70 Unconsciousness respiratory failure and death if exposure is l° n B 
continued 

80 Rapidly fatal 

Over 80 Immediately fatal. 


The sources of carbon monoxide which may give rise to poisoning 
are numerous — coal gas, “ fire damp " m mines, exhaust gases 9 < 
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from chimneys, motor cars and various combustion engines), the 
air of burning houses, of sewers, etc 


Recognition of, and Estimation of Degree of 
CarboxyhEemoglobmzemia 

On boiling diluted blood containing CO hemoglobin the 
coagulum is at first red, but on further boiling it turns brown 
Carboxyhfemoglobm is not reduced as is oxyhemoglobin , after 
death from CO the blood is bright red and the body has a pink tinge 
Carboxyh'emoglobmiemia can be demonstrated colorunetncally 
owing to the fact that m high dilutions carboxyhceinoglobin is more 
pink than the corresponding dilutions of oxyhsemoglobin or 
spectroscopically with a reversion spectroscope, or by blood gas 
analysis In examining blood it is a question of recognising carboxy 
haemoglobin in. the presence of oxyhsemoglobin, and naturally the 
problem is more difficult when the proportion of carboxyhumoglobm 
is small The pink tint of diluted blood ( e g , about 1 in 300 in a 
test tube or boiling tube) is sufficient to establish the diagnosis in a 
case of coma, or after death due to CO poisoning, for the pink 
colour is marked on comparison with norma! blood diluted to about 
the same degree B ut m lesser grades of CO poisoning it is necessary 
to work quantitatively (c/ below) when comparing the patient’s 
with normal blood, otherwise a slightly deeper colour due to a 
higher concentration of oxyhcemoglobm may be mistaken for the 
greater pinkiness of a mixture of carboxyhsemoglobm and 
oxyhsemoglobin 

Colorimetric methods include Haldane’s using carmine solution, 
Sayers and Yant's employ mg tannic acid and pyrogaliol, and the 
following simple clinical method 


Determination of the Approximate Percentage of Carboxyhsemoglobm 
in Blood 

Principle The total htemoglohin is determined by Haldane 0 CO method hut 
in B Lon bond comparator (see p 296) instead of the usual hezmoglabwometer A 
second sample of the eame volume of blood is diluted to tho extent found m the 
previous determination but is not treated with CO , its colour is matched in the 
Lovibond comparator against the nine coloured glasses which correspond to 0 10 
20 30,40 60 60 70 and 100 per cent oarboxyfuemoglobin and the reading is taken 
Method Place dilute ammonia solution (0 4 c c of concentrated ammonia 
solution S G 0 83 fn water to 100 c c ) in a graduated Lovibond comparator tube 
up to tho mark 2 0 c c (which correspond to 20 per cent on the Haldane scale) 
Measure accurately 0 04 c c of blood with tho pipette specially provided (marked 
at 0-02 and 0-04 c c and calibrated to contain) wiping off all blood from the extenor, 
deliver it into tho dilute ammonia solution and wash it out with the same Add a 
minute drop of copryhc alcohol saturate with cool gas and dilute with more ammonia 
solution in steps until it matches exactly tho 100 per cent COHb glass After each 
addition of ammonia solution pass coal gas in order to saturate and t o mix thoroughly 
As usual it is beat to not© the reading when tho dilution is not quite sufficient and 
again when it is just too great and then to decide on tho intermediate point at which 
the match is considered to be perfect Suppose the final value corresponds to 8*0 
c.c the total bvmoglobin is thou 80 per cent, on the Haldane scale 

Now measure another 0-04 c c of blood into about 2 c c of ammonia solution in 
a graduated comparator tube Dilute it with ammonia solution to exactly tho same 
extent (8 0 c 0 m the example quoted) but do not pass any coal gas Compare the 
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colour of the diluted blood with the glasses in the disc If there is no 
carboxyhsemoglobin it will match the 0 per cent COHb glass (= 100 por cent 
oxyhemoglobin) There may be some doubt when the blood contains 10 per cent 
or less COHb, but none with 20 per cent or more Bead off directly the percentage 
of the total hsemoglobin wluch is carboxyhsemoglobin Since the total hemoglobin 
is known it is easy to calculate the grammes of COHb and HbO, per 100 co of blood 
Thus 


Total hamoglobm - 80 per cent (Haldane scale) 

= 80 X 0 13S 1 gm per 100 c c 
= II 04 gm per 100 c c 

Suppose COHb *= 30 per cent of total haemoglobin 
Then COHb = 3 312 gm per 100 c c blood 
HbO, (+Hb) = 7128 

Total Hb = 11040 


Remarks The 0 per cent COHb glass (= 100 per cent HbO,) was prepared 
by matching blood (O, combining power 18 5 c c O, Fe content 46 2 mgm per 100 
c c ) diluted 1 in 250 and placed in a comparator tube The 100 per cent COHb 
glass was similarly prepared after saturating the diluted blood with coal gas The 
10 per cent COHb («= 90 per cent HbO,) glass matched the colour of a pair of 
comparator tubes, one of which contained 1 c c of 1 in 250 blood and 0 c c of dilute 
ammonia solution and was saturated with coal gas, the other 9 c c of 1 m 250 blood 
and 1 c c of dilute ammonia but no coal gas, and so on 

The pipette is marked at 0 02 c c as well as at 0 04 c c in case the total haemo 
globm should be very high or the volume of blood available very small Naturally, 
when 0 02 c c of blood is used tbe total hemoglobin reading must be multiphed by 2 
The same principle can be employed without using a Lovibond comparator ana 
disc, the COHb + HbO, paired standards be mg freshly prepared from normal 
blood on the day of each test , tubes of standard bore and a comparator « g , Colo 
and Onslow s are of course necessary The technique originally was worked out in 
this way but clearly the use of coloured glasses as the standards saves a great deal 
of time and makes for uniformity 

Difficulty may be experienced in applying this technique to stale blood as, for 
instance, obtained more than twenty four hours post mortem , such blood is sticky 
and may contain clots and it is difficult to take true samples , also chemical changes 
in the oxyhaemoglobin may have occurred Blood obtained up to about twenty 
four hours after death has served perfectly for the test 

Spectroscopically the absorption bands of carboxyhajmoglobm 
are very similar to those of oxybtemoglobm (see p 212), but are 
shifted slightly (about 60 A°) towards the violet end of the spectrum 
It is therefore impossible to detect COHb in the presence of Hb0 2 
with the simple direct vision spectroscope Hartridge’s reversion 
spectroscope, however, may be used not only for the detection, but 
also for an estimation The following instructions are for the 
instrument suppbed by Messrs Bellingham and Stanley Ltd , but 
with slight modifications apply to any pattern 


Detection and Estimation of COHb by Reversion Spectrometer 
Dilution of Blood for Test Purposes The blood is diluted until the distance 
between the a and /? bands is about equal to the width of the « band This corresponds 
to a dilution of 1 part of normal blood in about 300 parts of diluent when tlie tube 
containing tho diluted blood is about l in in diameter As diluent, dilute ammonia 
solution (0 4 c c of concentrated ammonia (S G 0 88) in water to 100 c c ) is satis 
factory because it prevents any precipitation of plasma proteins on dilution or on 
the subsequent passage of coal gas 


1 100 per cent (Haldane scale) = 13 8 gm Hb per 100 c c = 18 5 c c O, T* r 
100 c c (oxygen combining power) «=■ 46 2 mgm Fe per 100 c.c 
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Fio 6° Reversion spectrometer mounted on viewing stand which carries 
the light source and a holder for two boiling tubes 1 the holder 
moves laterally so that first ono and then the other tubo can be brought 
in front of the spectroscope it may also be rotated through 90 degrees 
so that the light passes through both tubes it is easily remoied so 
that glass cells can be substituted 

Qualitative Test for Carboxyhsmoglobin Normal blood is diluted as above 
described and placed in the reversion spectrometer (Tig 62) The instrument is then 
set so that tho a bands of tlio two spectra of the oxyhamoglobin exactly overlap 
(Fig 63 a) 



Fxo 63a Instrument set so that the a bands of the two 6pcctra of HbO, 
are co linear 

The patient a blood is tl ea similarly diluted and substituted for the diluted 
normal blood care being taken to ayoid upsetting tho adjustment of the instrument 
If the patient s blood contains carboxyhsetnoglobin a shgl t shift towards the 
Violet occurs in tho position of tho bands so that tho a bar Is no longer o\ crlap 
exactly Fig Gin) 



a A 

Fio G3 b Showing shift towards violet when diluted blood containing COHb 
is substituted for tho IfbO, solution 

1 The viewing stand was designed by Air F Stanley and tho writer and tl e 
complete apparatus mav be obtained from Messrs Bell ngliam and Stanley Ltd 
71 Hon sey Rise London N 19 

Cuts vrntona It 
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When used in the straightforward maimer above described, the te?t is a rough 
one and will detect 50 per cent or higher saturation of haemoglobin with CO 

The method may be rendered more sensitive by carrying it out in a dark room, 
and with special filters As before, the instrument 19 set with diluted normal blood, 
the a bands of the two Bpectra being mado cohncar by means of the micrometer 
screw, and the mean of a number of readings on the drum being taken The diluted 
blood of the patient is substituted and the mean reading again secured In this 
way a 20 per cent and even a 10 per cent saturation with CO may be revealed 
It is a question of making sure of slight shifts in the position of the absorption bands 
When a sample is completely saturated with CO, the shift amounts to about six 
drum divisions (varying slightly with different instruments) 

Quantitative Estimation of Percentage Saturation with CO. The readings 
should be made in a dark room 

Two special cells, A and B (Fig 64), are provided which are of exactly the same 
thickness internally, e g about i in or 12 5 mm 1 and are placed face to face The 
instrument is used in a horizontal position, with the tube holder remoi ed The 
reducing wedge over the slit is adjusted and the eyepiece focussed , both are left 
without further adjustment until all readings are completed 


A B 



Cell A is fillod with distilled water When everything else is ready, the patient’s 
blood is diluted and put in cell B, and, as before, the a bands are brought into 
coincidence and the mean of a series of readings taken 

It is essential to dilute sufficient blood to provide for this initial reading and for 
the preparation of the following standards (e g , dilute 1 c c of blood with tlio 
ammonia solution to 150 c c ) 

The 0 per cent CO standard is prepared by passing oxygen from a cylinder 
through the 1 in 150 blood m bright daylight for a few minutes , it is placed in cell 
B, and water in A 

.. '^ he VJ® per ce , n > C0 standard is prepared by passing coal gas in the dark through 
the 1 m 150 blood for a few minutes , it is placed m cell B, and water m A 

Intermediate standards are made as follows — 


Standard 

In Cell A. | 

In CtU U 

ft 1/150 Blood 
Saturated with 

e e of Ammonia 
Solution 

ce 1/150 Blood 
Saturated Kith 
Oxygen 

c c of Ammonia 
Solution 

25 per cent CO 

5 




60 per cent CO 

10 




75 per cent CO 

15 

5 

5 

15 


In each case the final dilution is again treated with coal gas or oxygen respectively 
to make sure that it is saturated 

The mean reading for each of these standards is secured When plotted the 


1 Prowled the two cells are exactly similar their tluckness is immaterial, for 
compensation can be effected by correspondingly greater or less dilution of the 




BLOOD QUALITATIVE EXAMINATION 


323 


results for the five standards constitute a calibration curve from which the CO 
saturation of the patient a blood can be read off It is not necessary to repeat the 
whole of this calibration for a given instrument e\ eiy time a new blood is studied 
If the 0 and 100 per cent standards are prepared each time and thd instrument is 
adjusted so that these give the same readings as those utilised for the construction 
of the calibration curve then intermediate readings can be converted into saturation 
per cent CO with the aid of the curve 

For the methods of estimation by blood-gas analysis the reader 
is referred to Peters and Van Slyke’s Quantitative Clinical Chemistry, 
Vol II 


NITRIC-OXIDE HjEMOGLOBINjEMIA 
Solutions of nitric oxide haemoglobin give an absorption spectrum 
very like that of oxyhaemoglobm, but the band? are less sharply 
defined and are situated sbghtly towards the red (see p 316) The 
bands, like those of CO-Hb, are unaffected by reducing agents On 
dilution with water NO haemoglobin gives a tint which is pinker 
than the corresponding dilution of oxyhaemoglobm, but which is not 
so pink as the corresponding dilution of CO haemoglobin On boiling 
diluted blood containing NO haemoglobin the coagulum is pink, and 
it remains pinl on further boiling (contrast CO haemoglobin) 

Banham, Haldane and Savage have reported a case in which 
NO haemoglobin was formed after death from broncho pneumonia 
They suggested that an organism producing mtnte must have been 
present The mtnte reacted with the reduced haemoglobin, and the 
resulting mtnc oxide combined with more reduced haemoglobin to 
form NO haemoglobin They pomt out that the possible presence of 
NO haemoglobin in cases of suspected CO poisoning should he 
remembered 

The blood in NO haemoglobmaemia has a Btnking pink colour 
Banham noted that m many deaths from influenzal pneumonia the 
bodies had a red colour, and the blood was red or cherry red, though 
CO poisoning could be excluded It is possible therefore that 
NO haemoglobmaemia may be of clinical interest 


METHiEMOGLOBIN/EMIA AND SULPHA2M0 GLOBINASMIA 
It is convement to consider these together, for clinically the two 
conditions have much m common, and in the laboratory many tests 
are common to both, special methods bemg required for differentia- 
tion Furthermore, it may be merely fortuitous whether tho 
abnormal pigment bo mefchaunoglobm or sulphaemoglobm, it having 
been suggested that a suitable catalyst (drug, drug product, toxin 
absorbed from the gut, or toxin liberated in the circulation) will cause 
metliaemoglobm to be formed in the absence, and sulphzemoglobin 
to be formed m the presence of absorption from the gut of traces of 
sulphide The fact that HsS, m very small doses, kills by its action 
on the nervous system, does not rule out this hypothesis In a few 
cases first ono and later the other pigment has been demonstrated 
in the blood 


u— * 
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The following is a classification of the conditions in which 
methannoglobinsemia and sulphsemoglobinremia may occur 


MefhacmoElob oxmla 

S ulpbaimogloMcErmfa 

Remarks 

(а) Inhalation or absorption of 

coal tar derivatives 

(б) Drugs (excluding (g) ) 

(e) Intestinal stasis 

(6) Drugs 

(c) Intestinal stasis 

1 

Pigment mtracorpuscular 

No pigment in urine 

No hsmolysia 

(if) Severe sepsis 
{«) Blaekwater fever 

(f) Trans fusion of lncom 
patible biood 

(<7) Phenylhydrazmo poisoning 

(d) Severe sepsis 1 


i Pigment extracorpuscular 
Methfemoglobin present in 

nSulphsmoglobmima in(rf) 
lias not been reported) 

' Ha*molysis present 


Industrial poisoning by coal tar derivatives, eg , in the 
manufacture of aniline dyes and certain explosives, is due to 
absorption through the lungs or the skin or by the gut , the sub 
stances responsible include aniline, nitrobenzenes and nitrophenols 
Shoe dye poisoning (c/ Levin) may be placed in the same 
category 

The drugs which have been reported as the cause of methzemo- 
globmmmia include acetanilide, antipynne or phenazone, phenacetui, 
plasmoclim, nitrites, potassium chlorate, prontosil, tnonal and 
sulphonal Those responsible for sulphaemoglobinaemia include 
acetambde Bromo Seltzer,” c/ Harrop and Waterfield), methyl 
acetanilide (“ Exalgin ”), phenacetin (c/ Snapper), prontosil (cf 
Discorabe) and pyridium Some people are peculiarly susceptible 
to the drugs or chemical compounds mentioned, and show the effects 
of poisoning after quite small doses 

Constipation, often marked, ls present m many cases of 
methcemoglohmsemia and sulphsemoglobui'cmia, and m the earlier 
reports was regarded as an important factor It was thought that 
it favoured the absorption of some bacterial toxin or product which 
converted some of the haemoglobin into the abnormal pigment, 
lienee the terms * enterogenous,” “ toxic ’ or “ microbic ” cyanosis , 
“ idiopathic cyanosis ’ has also been ‘employed to indicate that 
lesions of heart or lungs are absent A nitrite forming bacillus was 
found in the saliva (cf Walks) or m the feces (cf Garrodj of some 
cases of sulpluemoglobmasmia, but has not been isolated by several 
other investigators (cf Vogel) Some of these patients were 
undoubtedly takmg drugs of the coal tar senes ( ' antikamnia 
tablets,” acetanilide or phenacetin), and of recent years the view 
that drug takmg is the responsible factor in probably all the cases 
has received increasing support , the fact that there is no history of 
self medication is of doubtful value 

In the above examples the abnormal pigment is intra corpuscular » 
there is none in the plasma or unne In the re mainin g groups t ho 
pigment is extracorpuscular , methaemoglobm passes into the urine 
(cf Chapter X), hut so far as the writer is aware sulphieraoglobtnuna 
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has not been definite!} established, though it might be expected m 
extraeorpus cular sulphaemoglobmaemia, which has been reported 

In severe sepsis, particularly septicaemia due to B Welchn, both 
plasma and urine may be deep brown Van den Bergh and Engelkes 
have described luemolytic methannoglobmcemia in a few cases of 
anaerobic sepsis and eclampsia, and haemolytic sulphsemoglobnuemia 
m a few cases of anaerobic sepsis Banham, Haldane and Savage 
suggest that methsemoglobimemia may be responsible, in part at 
any rate, in certain cases of infective broncho pneumonia, for the 
cyanosis, which is peculiar in that it is not removed by the proper 
administration of oxygen They further suggest that m these cases 
the methEemoglobin may be formed by the action of nitrites produced 
by nitrifying bactena 

In blachwater fever, too, the plasma and unne may be intensely 
brown due to “ met haemoglobin ” 

According to Fairley and Bromfield the brown pigment in the unne 19 
metlismogfobin whereas that in the plasma is not true met haemoglobin but a 
new pigment “pseudo methzemoglobm ” its a band is removed by \a t S,O t but 
not by Stokes reagent ammonium sulphide or ammonia and is situated between 
those of sulphasmoglobin and true roethaemoglobin ( cf p 3°7) The same workers 
hat e produced pseudo methajmoglobin in vitro by incubating solutions of 
oxyhemoglobin methsemoglobm or sulpbserooglobin at 40° C with 4 \ olumea of 
sterile plasma They suggest that oxyhemoglobin in the plasma 13 partly con\erted 
into pseudo naethfemoglobin (a protective mechanism) partly excreted unchanged 
and partly altered in the kidneys into true metbaemoglobin they therefore consider 
that the urinary met haemoglobin is formed in the kidneys and is not due to escape 
from the plasma 

Extracorpuscular methsemoglobinaemia has been found after 
the transfusion of incompatible blood, 1 and after large doses of 
phenylhydrazme hydrochloride 

The clinical signs vary with the concentration of pigment and 
the condition responsible for the same Cyanosis is the rule , in the 
mtracorpuscular group it is often of a peculiar violet hue, limited in 
the milder cases to the lips, ears and finger tips, but becoming general 
in the more marked examples and changing in severe types to a 
dusky leaden blue In the extracorpuscular group the cj anosis 
again varies and may even be masked by the brown coloration , 
thus in anaerobic septicamna the patient may be copper coloured 
like a Red Indian It is the cyanosis, unaccompanied by physical 
signs of disease in the heart or lungs, which usually leads to an 
examination of the blood for abnormal pigments Presumably 
cyanosis becomes evident when about 5 gm of hemoglobin per 
100 c c of capillary blood are in the form of reduced haemoglobin 
plus methacmoglobm or sulphaemoglobin (cf remarks above under 
‘ reduced hemoglobin ”) Dyspnoea is absent w the mild, present 
on exertion in the moderate, and present at rest m the severe cases, 
as would he expected from the corresponding diminution of the 
0x5 gen carrying power of the blood Clinically also constipation, 
and varying degrees of headache and weakness are commonly 
noted 

1 Dr Fairley writes that m the one caso of incompatible transfusion so far tested 
(June, 1037) the plasma contained pseudo metbaunoglobin 
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Tests Common to Methsemoglobinmmia and Sulphmmoglobinzemia 

An absorption band in the red may be observed m the circulating 
blood tn into (see p 314) Venous blood is obtained, oxalated and 
centrifuged The separated plasma is examined directly with the 
spectroscope , before declaring the result negative as thick a layer 
as possible should be viewed in a tube from above ( cf p 210) The 
corpuscles are laked with 5 10 and if necessary more volumes of 
water and examined spectroscopically at each stage Owing to the 
presence of a relatively large amount of oxyhsemoglobin only the 
« band in the red of the abnormal pigment is visible (cf chart of 
spectra facing p 212) 

According to Bloem the spectroscopic test (1 m thickness of 
whole blood diluted 1 in 5 and 1 m 10 respectively) becomes positive 
with about 0 3 per cent m eth acmoglobm and about 0 62 per cent 
sulphsemoglobin , the corresponding limits for a 1 in thickness of 
plasma are about 0 06 and 0 05 per cent respectively 

The colour of the whole blood depends on the concentration of 
pigment, and is normal in mild, but tinted brown or chocolate m 
advanced cases , the plasma is brown in marked examples of the 
extracorpus cular group 

Quantitative estimations (Stadie , McEllroy , Van Slyke and 
Hiller) necessitate separate determinations of the total hemoglobin 
colonmetncally or gasometncally, and of the oxyhemoglobin 
gasometncally, the difference giving the concentration of abnormal 
pigment 

Differentiation between Methmmoglobmsemia and Sulphzemo- 
globinzemia On the addition of a reducing agent (jellow 
ammonium sulphide, Stokes’ reagent, or solid sodium hydrosulphite 
Na 2 S 2 0 4 ) the band in the red disappears if methsemoglobm, but 
remains if sulphaemoglobm be responsible (Spectroscopically, 
Jlethb — > HbO z ^ Hb) The a band of methsemoglobm, but not 
of Bulphsemoglobm, likewise disappears on adding concentrated 
ammonia solution (about 2 drops to 6 c c ), owing to conversion to 
alkaline methsemoglobm which has two ill defined absorption bands 
in the green (Fig 47, p 212, cf also p 214) With 1 per cent 
potassium cyanide the spectrum of methsemoglobm changes in a few 
minutes to that of cyanhajmoglobm (which closely resembles that of 
reduced haemoglobin), whereas the spectrum of sulphsemoglobin is 
only slowly altered (twenty four hours at room temperature) 

The reversion spectroscope may be used not only for differentia 
tion, but also for identification with an artificially prepared solution 



Fia 65a. The reversion spectroscope has teen set with tbs patient a 
«. diluted blood eo that the a bands overlap 
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of methsemoglobm or sulph&moglobm respectively, or for measuring 
the wave length of the a band Thus suppose the instrument is set 
with the patient ’s blood, suitably diluted, so that the a bands of the 
two spectra are colinear (Fig 65 a) Without altering the setting, a 
solution of methrcmoglobin (1 m 100 normal blood plus a crystal of 
potassium femcyamde) and a solution of sulphsemoglobin 1 (about 
10 c c of 1 in 100 normal blood, 0 1 c c of 0 1 per cent aqueous 
phenylhydrazme hydrochloride and 1 drop of water saturated with 
HaS) are substituted in turn With the one the a bands are colinear. 


cc 



Fia 65b A solution of rocthamoglobm has been substituted Clearly 
the patient s blood did not contain methsmoglobm. 

with the other they obviously do not overlap, so that it is seen at 
once whether it is methtemoglobm or sulphtemoglobm that the 
patient’s blood contains (Fig 65 b) Moreover, should the patient’s 
pigment be something else, neither of the two prepared solutions 
will show the a bands overlapping exactly , this was the case with 
Fairley and Bromfield’s new pigment (cf p 325), which they have 
termed "pseudo methtemoglobin ” The wavelengths of the a 
bands of these three hemoglobin derivatives are, methsemoglobm 
6,300, sulphsemoglobin 6,180, and “pseudo methsemoglobm ” about 
6,240 A 0 

The reversion spectroscope enables another characteristic of 
sulphsemoglobin to be demonstrated clearly On passing coal gas 
or CO the a band of sulphsemoglobin is shifted towards the violet, 
whereas that of methsemoglobm is unaltered This was discovered 
by Clarke and Hurtley with a simple direct vision spectroscope , 
they showed that CO moved the band from 6,180 to about 
6,130 A° 

For spectra, see Fig 47, facing p 212 

It is interesting ta record that in mtr&corpuscular sulphtemo 
globinannias dne to phenacetin and to prontosil, the writer and his 
colleagues have always found that the a bands of the patients’ 
pigments match exactly the a hand of artificially prepared 
sulphsemoglohm , this is noted because m some quarters tlic very 
existence of sulphtemoglobmaemia has been doubted 

HA2MATINASMIA 

Schumm (1912) fotmd htemafcm in the serum of a case of chromic 
acid poisoning He also detected it in a few cases of malaria 
anaerobic sepsis, eclampsia and pernicious anasmia Van den Bergh 
demonstrated its presence in many, but not all, patients with 
pernicious ttntemm, and in some cases of ruptured ectopic pregnantn 
He never found it in secondary antenna 

1 IVeparo the *u!phjwaogJobua solution just before it is used because ft u ozataMs. 
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Hsematmsemia is difficult to demonstrate with certainty, 
particularly when slight 

PORPHYRIN/EMIA 

Schumm (1916) found traces of a porphyrin in the blood m a case 
of congemtal porphyria, and estimated the quantity as about 
1 mgm per 100 c c In clinical work much more information is 
obtained by examining the urine for porphyrin, which is difficult 
to detect in the blood 

BILIRUBINjEMIA 

This has already been discussed (see Chapter XII) under Van 
den Bergh s test, Fouchet’a test etc 

UROBILINiEMIA 

Urobilin must be present m the blood plasma when urobilmuna 
occurs for there is no conclusive evidence that the kidney can 
form urobilin from bilirubin The simplest way to detect it is by 
extraction of serum or plasma with acid alcohol To 1 volume of 
serum (about 5 c c ) 2 volumes of acid alcohol (1 per cent hydro 
chloric acid m ethyl alcohol) are added The mixture is boiled for 
a few minutes, cooled and filtered The filtrate is examined 
spectroscopically for the characteristic band at the junction of the 
green and blue (Fig 48 p 220) If bilirubin is present m the original 
serum the filtrate will be green or greenish blue owing to its oxidation 
to bihverdin but biliverdm gives no absorption band, so the 
spectrum of urobilin can readily be seen if urobilin is also there 
If urobilin alone is present the filtrate will have a pinkish or pinkish 
yellow tinge but it is not safe to regard urobilin as responsible for 
these tints unless the absorption band is also evident Blankenhom 
has published a method for estimating urobilin in blood 

Urobilin asmia may be demonstrated in aeholunc jaundice, and 
in any haemolytic jaundice when urobilin uria is marked, but urobilin 
is apparently a non threshold substance, so that tests of the urine 
are much more sensitive than tests of the blood For this reason 
the blood is rarely examined for urobilin 

SPECIAL QUALITATIVE TESTS 
The Formol-Gel Test and the Aldehyde Reaction 

Two drops of formalin (40 per cent formaldehyde) are added 
to l c c of serum and the mixture is allowed to stand for twenty 
four to forty-eight hours at room temperature In the vast majority 
of sera including all normal ones, nothing happens, but m a few 
the contents of the tube become completely jellified so that the 
tube may be inverted without spilling (Gat4 and Papacostas) The 
test is not uncommonly positive in syphilis, and was at one time put 
forward as a simple substitute for the Wassermann reaction * It 
Ins since been shown that the latter view cannot be maintained [cj 
Ecker) 
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Napier independently made a similar observation m kala-azar, 
m -which disease, how ever, the reaction is much more marked He 
recommended the addition of 1 drop of formaldehyde solution (his 
was 30 per cent ) to 1 c c of serum In untreated kala-azar the 
mixture becomes viscid at once, and sets in one or two minutes, 
so that the tube can be inverted, at the same time becoming whitish 
and opalescent In three to twenty minutes the serum becomes 
absolutely solid and opaque Napier found .that gelation with 
formalin may also occur in phthisis, leprosy and malaria in half an 
hour or longer, but never observed the rapid formation of a solid 
opaque gel which is characteristic of kala-azar For further details 
the reader is referred to Napier’s interesting paper A positive 
reaction has also been reported m trypanosomiasis (Rogers) Napier 
called his test The Aldehyde Reaction, partly because he found it 
was also given, though less readily, by acetaldehyde, and partly to 
stress the difference in intensity between his observations in 
kala azar and those of Gate and Papacostas in syphilis He admits, 
however, that in all probability the variations m different diseases 
are simply variations in degree of a common reaction The writer 
much prefers the older term, “ formol gel test,” as being more 
descriptive In chemistry there are several “ aldehyde reactions,” 
and Napier’s term suggests a test for an aldehyde, and gives no 
indication of the essential gelation of serum 

Oxalated plasma serves equally as well as serum for the test 
Napier, from his observations in kala azar, concluded that the 
reaction was in some way associated with the globulin fraction 
The high plasma protein, with a greatly increased globulin, is 
striking in kala azar (see p 369), but significant variations in the 
plasma protems of other diseases giving less marked formol gel 
reactions have not been established The cause of the reaction is 
not yet known 

It is interesting to note that Napier has found the test so 
constantly positive m untreated kala-azar that he lias largely 
substituted it for spleen puncture in his clinic. 

Indicansmia (see Chapter V) 
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BLOOD ANALYSIS 

Books and General Articles Peters and Van Slyke’s Quantitatne 
Clinical Chemistry, Vol I , Interpretations , Vol II , Methods 
Foltn’s Laboratory Manual of Biological Chemistry 
Myers’ Practical Chemical Analysis of Blood 
Do Wessefow’e Chemistry of the Blood in Clinical Medicine 
Composition and Physical Properties of Normal Human Blood Gram, 
H C,Am J Med Ac, 1924 168,511 

Chemical Tests of the Blood Indications and Interpretation Rockwood, 
R J Amer Med Assoc , 1928 91, 157 

Micro-chemical Methods of Blood Analysis King, E J , Haslewood, 
GAD, and Dclory, G E Lancet, 1937, i , 886 

For convenience in reference the various constituents have been 
arranged alphabetically A fairly complete list of the substances 
in normal blood, which have been estimated quantitatively, is 
given in the table which follows A discussion of each constituent, 
with an account of the variations which are found w pathological 
conditions, would occupy too much space The substances which 
are commonly estimated m clinical medicine will receive a fairly 
full description For the rest, short notes, or no mention beyond 
that in the table, must suffice In a few instances, a full discussion 
bas already been given m a previous chapter, e g , bilirubin m 
Chapter XII The references to substances already dealt with will 
be found in the last column of the table or m the Index Results in 
this chapter are expressed in mgm per 100 c c , or c c of gas per 
100 c c , or gm per 100 c c For the calculations necessary to convert 
these values into millimols per litre, see Appendix 

The table of normal results is based largely on the literature, but 
partly on the writer's experience It is important to know the range 
of variation m health and not merely the “ average normal," for 
unless the result m a particular patient is definitely outside the 
normal range it cannot be regarded as pathological The difficulty 
is that this “ normal range " vanes in some cases according to the 
method ‘of analysis employed (see, for example, under Cholesterol, 
p 348), so that here and there the reader, using one method, may 
consider the tabulated range, which may have been based on 
several methods, too wide Those workers who have been able to 
establish their own normal ranges by particular methods on large 
senes of healthy individuals will not consult the table m thoso 
instances But otherwise it should be a useful guide, and wifi at 
least lessen the risk of attaching pathological significance to a 
finding which is withm normal limits— a mistake which has been 
made several times in clinical medicine 
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In a few instances m the literature a statistical analysis has been 
made of the percentage distribution of results obtained in health 
with regard to certain ingredients of the blood In tins way the 
previous knowledge that the extremes of normal were so and so, 
but that the majority of analyses lay within a narrower range, has 
been put on a more exact mathematical footing, but the difficulty 
still remains that in interpreting the result in a particular individual 
it is always possible that he is one of the minority with findings close 
to the extreme limit of normal As before, only figures clearly 
outside the normal range have definite significance, and probabilities, 
though they may influence the final conclusion, must be viewed 
with caution 

On the technical side, in several of the blood analyses the first 
step is the precipitation of the proteins by tungstic acid It is 
convenient here to summarise in general terms this procedure, and 
to give variations in detail under each test 


Tungstic Acid Precipitation of Proteins • 

— 



In whole- 

In serum 


blood 

or plasma 

Distilled water 

7 vols 

8 0 vols 

Blood or serum or plasma 

1 „ 

10 „ 

10 per cent sodium tungstate 

(Na 2 W0 4 2H 2 0) 

1 „ 

0 5 „ 

2/3 N sulphuric acid 

1 „ 

05 „ 


In each case the filtrate is 1 in 10 


Between 5 and 10 c c of blood must be collected for each of the 
great majority of blood analyses Sugar or urea determinations, 
however, if made on capillary blood, need only 0 5 to 1 c c 
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Blood Analysts Normal Besults (mgm per 200 c c , unless otherwise stated ) 


Estimation 

Whole Blood 

Plasma or Senna 

Remarks 

Acetone bodies, total 

1 to 3 

— 

1 

(as acetone) 

Acetone and aceto acetic 
acul (as acetone) 

Oto 1 

- 

. See Chapter IX. 

S hydroxybutyne acid 

0 to 3 

— . 


(as acetone) 



J 

Albumin 



3 4 to 6 7 per cent 

3 8 to 6 2 by Na,SO t and 



Kjefdalil (Salve-sen) 

Alkali reserve 

— 

53 to 77 vo Is CO, | 

Infants, 46-63 (See 



per cent 

Chapter IX and p 203) 

Ammo acid nitrogen 

3 to 8 

4 to 6 6 


Ammonia 

0 1 to 0 25 

0 1 to 0 25 


Amylase, diastase 



3 to 10 

See Chapter XIII 



Wohlgemuth units i 

Bicarbonate (plasma) 

_ 

53 to 77 vols CO, 1 

See Chapter IX, and 

(mainty NoHCO,) 


per cent j 

p 203 

Bile acids 

2 5 to 6 0 


As gZycochohc acid 




Method of Aldrich and 
Bledsoe 


— 

5 to 12 

As sodium glyeoeholate 




Szilard a method (see 
Chapter XII) 

Bilirubin 

— 

0 1 to 0 5 

Equals 0 2 to 1 0 Van den 
Bergh unit (6«e Chapter 
XII) 

Index of 1 corresponds to 

Bilirubin index, icterus 

__ 

1 to 6 

index 



colour of 1 in 10,000 


• 


potassium dichromato 
(see Chapter XII) 

Bromide (as bromine) 

0 227 to 0 572 


Biochem J , 1930, 30, 




716 

,, (as NnBr) . 

— • 

0 5 to 2 5 

Brit Il/cd J , 1936, li , 




957 

Calcium (as Ca) total 

5 to 7 

0 to 11 


„ diffusible 


3 6 to 4 G 

l J Bwl Ghent , 1926, 71, 

, non diffusible 

— 

2 8 to 6 1 j 

/ 87 

Chlorides (ns NaCJ) 

450 to 630 

560 to 620 


,, (as chlonne) 

270 to 320 

340 to 390 


Cholesterol total 

100 to 200 

100 to 220 

Seo also p 3 18 

Corpuscular ' v olumo 

36 to 51 per cent 

_ 


(hsematoent) 



Creatmo . 

2 to 9 

} to 3 

M«tontv (whole blood). 




3 to 6 5 

Creatinine 

0 7 to 2 

0 7 to 2 

In ** normal ” hospital 
cases, up to 3 5 (seo 
Chapter V) 

Diastase, amylase 

_ 

3 to 10 

Seo Chapter XIII 



Wohlgemuth nits 
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Blood Analysis : Normal Results (mgm. per 100 c c., unless otkenaise stated ) 
— continued 


Estimation 

Whole Blood 

Plasma or Seram 

He maria. 

Ergothionerae {see 

Thioneine) 

- 

- 


Fats, “ neutral ” 

0 to 160 

50 to 580 

J. Biol Chem , 1935, 111, 
613 

" Fata,” total . . 

200 to 2,000 

450 to 1,200 

“ Total lipoids " or “ total 
ether soluble matter " 

Fatty acids, total . 

290 to 420 

190 to 640 

Tatty acids derived from 
glycerides, lecithin and 
cholesterol esters 

Fibrin (ogen) . 

110 to 210 

200 to 400 
(plasma) 


Fragility of corpuscles 

0 48 to 0 42 p 

0 38 to 0 32 p 

er cent NaCl 

er cent „ 

Trace of haanolysis 
Average, 0 45 per cent. 
NaCl 

Haemolysis complete 

Freezing point 


-0 51 to —0 02° C 

Average, — 0 56° C 

Globulins 

~ 

1 2 to 2 9 per cent 

1 6 to 3 4 by Na,SO« and 
Kjeldahl (Salvesen) 

Glucose (see “ Sugar ’) ' 




Glutathione ( 

25 to 48 

28 to 52 

} m | 

J Biol Chtm , 1932, 
97, 465, and J. Clin 
Imeitig , 1034, 13, 903 
Contains 10 4 per cent 
sulphur and 13 7 per 
cent nitrogen 

HteiDoglobm , . | 

Men, 13 to 16 gm 
per 100 c c 

Men, 95 to 120 
* per cent ” 

- 

Women, 12 to 14 gm. per 
100 cc 

Women, 88 to 102 per 
cent Haldane «c*l° 
100 " per cent ” ** 13 8 
gm of haemoglobin =• 
185 cc O, combining 
power = 46 2 mgm Fe 
per 100 c c 

Hydrogen ion con 
centration 

pH 7 3 to 7 6 

5 to 3 2 mgm pe 
0 000,005 to 0 000 00< 
0 005 to 0 0032 

pH 7 3 to 7 6 

r 100,000 htres 

12 mgm per 100 c c 
y per 100 c c 

(See Chapter IX ) 

Mgm of lonio hydrogen 

(1,000 y » 1 mgm ) 

Icterus index, bilirubin 
index 


1 to 6 

Index of 1 corresponds to 
colour of I in 10000 
potassium dichromate 
(see Chapter XII) 

Indican . , 

- 

0 03 to 0 08 

Dtuisch Arch J II* n 
tned , 1916. 119, 177 

Iodine |^? ta > 

l Alcohol insoluble 

6 to 20 y 

1 to 6 y 1 

f - 1 

;i y — 0001 mgm ) 
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Blood Analysts Normal JSesults ( mgm per 100 c c , unless otherwise slated) 
— continued 


Estimation 

Whole Blood 

Plasms or Serum 

Remarks. 

Iron (as Fe) 

40 to 65 

0 06 to 0 22 

Vanes mainly with hsemo* 
globin content in whole* 
blood 

Ketone bodies (see 
Acetone bodies) 




Lactic acid 

5 to 35 

— 

May rise to 200 mgm 
during severe exercise 

Lecithin (Lipoid Px25) 

280 to 450 

170 to 350 


Lipoids (see Fats J 




Magnesium (as Mg) 

2 to 4 

1 to 4 

Serum Mg generally 2 2 
to 2 6 

Nitrogen free m physical 
solution 

Nitrogen total 

„ protein 

,, non protein 

i 12cc per 100 oc 
| 1 3 c c per 100 c c 
1 1 4 c c per 100 c c 
with 

2 6 to 4 3 per cent 

2 5 to 4 3 per cent ' 

25 to 50 

r of venous blood 
of arterial blood 
of blood saturated 

1 1 to 1 4 per cent 

1 0 to 1 4 por cent 

18 to 30 

Average for whole blood, 
3 per cent 

Protein N is about 99 per 
cent of total N of 
whole blood and more 
than 93 per cent of 
total N of plasma or 
serum 

Nitrogen distribution of ' 
non protein mtro 
gen — 

Am no acid N 
Ammonia N 

Creatine N 

Creatinine N 

Urea N 

Une acid N 

Rest or residual N 

Rest N including 1 
ammo acid N 

3 to 8 

0 1 to 0 2 

0 6 to 2 9 

0 26 to 0 74 

7 to 20 

0 l to 1 3 

3 to 19 

6 to 28 

4 to 6 5 

0 1 to 0 2 

0 2 to 1 

0 26 to 0 74 I 

7 to 20 

0 1 to 1 3 

2 to 12 

5 to 18 

Up to 25 under 10 and 
over 60 years 

Usually 0 6 to 1 0 

Average (whole blood) 11 
mgm. 

Oxygen (see Table on i 
p 159) 




Phenols 

2 to 8 

— 

J Biol Chem , 1918, 36, 

99 

Phospliatidea (Lipoid 
P X 23 5) 

— 

60 to 335 

J Biol Chtm , 1935 111, 
613 

Phospl orus (as P) — 
Total 

Aoid soluble 

Inorganic or free 

(adults) 

Ester or organic 

Lipo lorlipm 

23 to 48 

16 to 34 

2 to 5 

14 to 29 

8 to IS 

6 to 18 

2 to 8 

2 to 5 

0 to 4 

3 to 14 

Serum or plasma of adults 
usually 2 to 4 , of 
children 4 to 6 mgm 
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Blood Analysis Normal Results ( mgm per 100 c c , unless otherunse stated ) 
— continued 


Winiatoo 

Whole-Blood 

yjagtna or Serum 

Recnsits. 

Potassium (as K.) 

150 to 250 

IS to 21 


Proteins plasma 
(F + A + G) 
Proteins, serum (A-f-G) 

Fibrin (ogen) (F) 
Albumin (A) 

Globulins (G) 

Globulins as per 
centage total protein 
Ratio A G 

0 11 to 0 21 

5 8 to 8 6 p-*r cent 

5 6 to 8 5 per cent 

0 20 to 0 40 per cent 
3 4 to 6 7 per cent 

1 2 to 2 9 per cent 
20 to 45 

4 1 to 1 2 1 

C 3 to 8 0 bj Ivjeldahf 
(Salvesen) 

Average, about 7 0 per 
cent. 

Usually about 4 per cent. 
Usuallj about 2 per cent. 

Usually about 2 1 

Refractive index, at 

17 S°C 


1 349 to 1 351 

W ater » 1 333 

Sodium (as Na) 

170 to 225 

325 to 350 


Solids total 

18 to 2o per cent 

8 5 to 10 per cent 


Specific gravity 

1 041 to 1 067 

1 024 to 1 03 S 

S G of water = 1 000 

Sugar fasting (capillary 
blood) 

Sugar maximum after 
meals (capillary blood ) 

60 to 120 

180 

60 to 120 

180 

Increases slightly with 
age (see Chapter VII) 
Increases slightly with 
age (see Chapter VII) 

Sulphur (as S) — non 
protein — 

Total 

Inorganic 

Ethereal 

Neutral 

3 84 to 6 06 

0 28 to 0 65 

0 07 to 0 00 

3 19 to 4 32 

3 11 to 3 86 

0 50 to 1 12 

0 09 to 0 9G 

1 72 to 2 54 

\ J Biol Chem , 1927, 73 
j 623 

Thioneine 

0 to 5 

0 

Contains 14 per cent 
sulphur 

Urea 

15 to 40 

15 to 40 

Up to 60, under 10 and 
over 60 years 

Uric aud 

0 3 to 4 0 

0 3 to 4 0 

Usually 2 to 3 

Urobilin 


0 0 to 0 4 

J Biol Chem , 192S, 89 
477 

4 iscositj , at 20° C 

3 6 to 5 4 

I 7 to 2 0 

Viscosity of water equals 

A olutno of blood 

6 to 10 pints 

3 5 to 7 litres 

ato 10c c perlOOgro 
of bod} weight 

3 5 to C pints 

2 to 4 litres 

4to6cc per 100 gm 
of body weight 

A' croge for whole b! ""I 

5 5, average for plasms 

3 litres 

Weight of blood — 

As percentage of body 
weight 

As fraction of body 

7 to 9 

1/14 to 1/11 

4 3 to 6 7 

1/23 to 1/18 

Plasma averages about 

5 per cent 

Plasma averages "bout 
1/20 - 
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CALCIUM 

Serum or citrated plasma normally contains 9 to 11 mgm of 
total calcium per 100 c c Of this calcium, part is diffusible and 
part is non diffusible Furthermore, a portion is ionised and the 
rest is non ionised There is at present however, no generally 
accepted method for the determination of lomc calcium and no 
general agreement as to the significance of diffusible calcium In 
both instances the methods so far proposed are too complex for 
routine clinical work In health about 2 mgm Ca are in simple 
physical solution about 4 mgm m combination with protems and 
about 4 mgm per 100 c c are held m solution by unknown factors 
and possibly in virtue of the action of the parathyroids There is 
little or no calcium m the red cells, and determinations in whole 
blood are of no cluneal value For a fuller discussion the reader is 
referred to Peters and Van Slyke’s Quantitative Clinical Chemistry 

In different diseases the serum calcium may be normal lowered 
or raised 


Hypocatceemia 
m , f Infantile (rachitic) 
letany j ^f ter parathyroidectomy 

Chrome azot?omic nephnti3 
(interstitial) (advanced cases) 

Renal infantilism (some cases) 

Rickets (the minority of cases) 

Osteomalacia (some cases) 

Ccchac disease (few cases) 

Sprue (few cases) 

Idiopathic steatorrheea 
Chronic sepsis (a few cases) 

The Clinical Value of Calcium Estimations 
The chief value of calcium estimations is m the diagnosis of 
tetany, and particularly of infantile tetany Occasionally the test 
is really essential but in most patients there is little doubt from the 
clinical examination w hetlier the observed convulsions are due to 
tetany or not The seizures in tetany, as a rule, do not begin till 
the serum calcium lias fallen to 6 or 7 mgm per 100 c c , but values 
below 7 mgra may occur without such attacks Convulsions duo 
to other causes are associated with normal or only slightly lowered 
calcium figures Not all types of tetany are associated with 
liypocalcsemia In general tho blood calcium is low m rachitio 
infantile tetanv, tetany due to parathyroidectomy or tetany due to 
guanidine poisoning but normal in tetany duo to hyperpnasa, to 


Hypercalccemia 

Administration of an excess 
of parathyroid extract 
Parathyroid tumours 
(generalised osteitis fibrosa) 
Multiple myelomatosis (some 
cases) 
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gastric disease with vomiting, or to excessive dosage with 
bicarbonates 

Calcium determinations are essential for the control of treatment 
by subcutaneous injection of parathyroid extract , gross hyper 
calcjemia (over 16 mgm ), if maintained, is dangerous to life 
A raised serum calcium is an important point in the diagnosis of 
generalised osteitis fibrosa, but is not absolutely diagnostic of that 
disease , a rise has been reported also, for instance, in some cases of 
multiple myelomatosis (distinguished by Bence Jones’ proteinuria, 
p 28) 

In rickets the Berum calcium is generally within normal limits, 
but occasionally it is low, and is then not seldom accompanied by 
signs of tetany Apart from those patients who exhibit tetany, or 
signs of increased neuro muscular excitability (Chvostek’a sign, 
Trousseau’s sign) — “ spasmophilia," as it is often called — estimations 
of serum calcium are of little clinical assistance in rickets (see also 
p 365) 

The influence of diseases of the kidney on the calcium of the 
serum has been discussed m Chapter V 

In a fair proportion of cases of cceliac disease, sprue and 
idiopathic steatorrhcea of adults the calcium is lowered slightly to 
about 8 mgm , in a few cases it is definitely low, 5 to 8 mgm , but 
even then tetany is uncommon The probable cause of the low 
values is defective intestinal absorption of calcium owing to the 
fatty diarrhcea and there is often no nse in the plasma inorganic 
phosphate (c f Fairley, Parsons) 

A fall in the calcium percentage of the serum has been reported 
in a number of cases of chronic sepsis of various types, and 
administration of calcium salts has been claimed to be of value 
Possibly tho septic factor is responsible for the lowered values 
winch are occasionally found in varicose ulceration Otherwise, 
in 8km diseases the serum calcium is almost always withm normal 
limits When making requests for analyses it should be remembered 
that normal values (total calcium) are the rule m urticaria, angeio 
neurotic cedema asthma, the purpuras, haemophilia, pregnancy, 
eclampsia, jaundice of all types, and bone diseases (excluding rickets 
and generalised osteitis fibrosa) 

Peters and Van Slyke (Quantitative Clinical Chemistry ) emphasise 
the importance of a knowledge of the serum proteins and plasma 
inorganic phosphate when interpreting low serum calcium values 
A coincident fall of serum proteins, as m nephrosis and in severo 
malnutrition is of itself sufficient to account for tho low calcium 
by reduction of the fraction in combination with protein , the low 
protein and not the low calcium is the significant finding clinically 
An increased inorganic phosphate, as m severe renal lesions must 
reduce tho calcium In short, as in the caso of sugar, the calcium of 
the blood depends on a number of factors , gross departures from 
the normal generally may safely be interpreted in the light of the 
clinical findings alone , lesser variations may entail in addition a 
study of other ingredients of the blood (especially proteins and 
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inorganic phosphate), or metabolism experiment, or a study of the 
acid base balance of the blood, before they can be interpreted 
satisfactorily 

When the calcium content of the plasma is normal, it appears 
to be impossible to raise it significantly bj the oral administration 
of calcium salts, though Roe and Kahn maintain the contrary, 
provided that sufficient of the salt (5 gm of calcium lactate is 
^recommended) is given without food (half an hour or longer before 
breakfast, or at least three hours after the last meal of the da}) 
When the serum calcium is lowered, oral administration is well 
recognised as frequently of value as a therapeutic measure Intra- 
venous injections have to be made with great caution, and the nse 
in blood calcium produced thereby is of short duration Obviously, 
when the cause of the calcium deficiency is known it is all important 
to treat the cause (e g , vitamin D (cod liver oil etc ), and sunlight 
for nckets) 


Technical 

In clinical work the method of Kramer and Tisdall is generally 
employed, and this is the method described below Modifications 
have been introduced by dark and Colhp and by Trevan and 
Bainbndge Nephelometric determinations of calcium are generally 
regarded as satisfactory when applied to blood For a general 
discussion of methods, see Peters and Van Slykes Quantitative 
Clinical Chcmibtry, Vol H 

Pnmcple The calcium is precipitated from a known volume 
of diluted Berura or citrated plasma by an excess of ammonium 
oxalate The precipitate of calcium oxalate is separated by 
centrifuging, washed, dissolved in sulphuric acid and titrated with 
standard potassium permanganate From the quantity of permanga 
nate used m oxidising the oxalate, the amount of calcium is 
calculated 

Technique Into a tapered centrifuge tube which will hold 
10 to 15 c c of fluid, place 

(1 or) 2 c c of serum, 1 

2 c c of distilled water, 

1 c c of saturated ammonium oxalate 

Mix well and allow to stand for thirty minutes 1 or longer 

Centrifuge the tube at about 1,600 revolutions per minute for 
five minutes, or until the precipitate has packed down well Remov e 
the supernatant fluid by inverting the tube cautious!} , noting 
whether an} of the precipitate is disturbed If it is, the tube 
must be righted again before any precipitate is lost, and recentnfuged 
If the precipitate is undisturbed the inverted tube is allowed to dram 
for a mmute or two and the mouth of the tube is wiped with a 

1 Tlurtj minutes is sufficient for complete precipitation of calcium as oxalate / 
when using scrum but at least eighteen hours is required for citrated plasma (c/ ft 
Clark Herbert) ' 
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clean cloth or piece of filter paper Alternatively, the supernatant 
fluid may be removed as completely as possible with a capillar} 
pipette and teat 

Add 4 c c of dilute ammonia (2 c c ammonia solution, S G 0 88 
diluted to 100 cc), washing down the sides of the tube during the 
addition Mix well and centrifuge for five minutes Decant the 
supernatant fluid ha before, and repeat the washing with 4 c c of 
the dilute ammonia, making two washings in all 

Add 2 c c of approximately N/l sulphuric acid (28 c c of 
concentrated H 2 S0 4 water to 1,000 c c ) to the precipitate, and 
place the tube in a boiling water bath for about one mmute 

Titrate at once with 0 01 N potassium permanganate to a 
definite pale pink colour, which persists few at leastYbne mmute, 
using a 2 c c microburette graduated in fiftfyths Note the volume 
of permanganate required 

Blank Place about 0 1 c c of the dilute ammonia m a centrifuge 
tube Add 2 e c of the approximately N/l sulphuric acid Heat 
m the boiling water bath for about one mmute, and titrate with the 
0 01 N potassium permanganate The blank value is usually about 
0 02 c c of permanganate 
Calculation 

COO NH 4 .OOC 

Ca compounds -f | — > Ca\ J -f 2NH 4 compounds 

COO NH 4 x q£c m 

.OOC HOOC 

Ca< 1 + H 2 S0 4 = CaS0 4 + | 

x OOC HOOC 

40 gm Ca 2 000 c c N/l oxalic acid 

HOOC 

2KMn0 4 4- 3H..SO* +5 j = K^SO, + 2MnSO,-f 10CO 2 -j- 8H»0 
HOOC 

10 000 c c N/l (Bee p 0) 10 000 c c N/l 

40 gm of Ca = 2,000 c c of N/l oxabc acid 
40 mgm , == 2 c c „ „ , or 200 c c of N/100 

permanganate 

1 c c of N/100 permanganate corresponds to = 02 mgm 
of Ca 

Therefore (cc of 0 01 N permanganate minus the blank halite) 
X 0 2 gives the number of mgm of calcium m the sample There 
fore when 2 c c of serum are used, the (titration less blank) multiplied 
by 10 gives the mgm of Ca per 100 c c of serum 

Example of Calculation 2 cc of serum used Titration — 
1 10 c c of N/100 permanganate Blank value = 0 025 c c of 
N/100 permanganate 

Therefore the permanganate used for the oxidation of calcium 
oxalate from 2 c c of serum = 1 10 — 0 025'*= 1 075 c c 
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1 c c. of N/100 permanganate = 0-2 mgm. of Ca. 

1*075 c.c. „ „ =0*2 X 1*075 mgm. of Ca 

2 c c. of serum contain 0*2 X 1*075 mgm. of Ca. 

100 „ „ „ 0*2 X 1*075 x mgm. of Ca. 

= 1*075 X 10 = 10*8 mgm. of Ca 

Notes. The 0 01 N. potassium permanganate is prepared afresh 
on the day of the test, by dilution of 0 1 N. permanganate, for the 
preparation of which see Appendix. 

All glassware must be scrupulously clean. It is advisable to 
keep separately a number of tapered centrifuge tubes for this test 
only After use they are washed out with water and then immersed 
in acid dichromate cleaning fluid (see Appendix) overnight. They 
are then thoroughly rinsed with water and cleaned m the usual 
way (see Appendix). 

If a capillary pipette and teat is employed, care must be taken 
that the teat is quite free from calcium carbonate (rubber goods 
are sometimes stored in chalk, cj. p. 202) The teats used for this 
test should therefore he well rinsed with dilute hydrochloric acid, 
followed by water, then dned and stored separately. 

The microburette must have a glass stop-cock. The " rubber 
and clip *' type is useless for permanganate. 
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CARBON DIOXIDE 

Carbon dioxide exists in the blood in physical solution, and in 
chemical combination as bicarbonate The definitions of C0 2 
content, C0 2 capacity, C0 2 combining power, C0 2 tension, and 
* alkali reserve ” or plasma bicarbonate, have been given in 
Chapter IX The alkali reserve is the most important m clinical 
work and this, together with a method for its determination, has 
been fully discussed in Chapter IX For convemence in reference, 
the different C0 2 values in venous and in arterial blood in health are 
summarised below So many terms have been employed in describing 
the different C0 2 values that the writer feels that it would be of help 
to classify them Reference to the literature reveals the fact that 
there has been some confusion, but the following appears logical 


CO 2 capacity 

(Blood equilibrated with CO, at 40 mm pressure Total CO, obtained from 
equilibrated blood measured dry and at N T P ) 


C0 2 m chemical combination 

C0 2 in physical solution 

C0 2 combining power 

Syn Bound C0 2 capacity 

BHC0 3 or bicarbonate " 

(capacity) 

C0 2 fixing power 

Fixed C0 2 (capacity) 

Alkali reserve 

Free CO a capacity 

HjCOj or carbonic acid 
(capacity) 

CO 2 content 


(Blood not equilibrated with CO, but CO, values determined in blood as dra'vn 
without loss of gases and without admission of air The total CO, obtained is 
measured dry and at N T P ) 

C0 2 in chemical combination 

C0 2 m physical solution 

Bound C0 2 content 

Syn Bicarbonate content 

BHCO s (content) 

Fixed C0 2 content 

Free CO a content 

H 2 C0 3 or carbonic acid 
(content) 

When, furthermore, it is realised that any of these terms maj bo 
applied either to whole blood or to plasma (or serum), and that the 
whole blood or true plasma used for determinations of C0 2 content 
may be either arterial or venous, it is easy to understand how 
coufusionmay arise, and it is obviously necessary when recording 
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results to Btate what has been done and whether whole-blood, 
plasma or serum has been used. 

Ferguson and Houghton have brought forward evidence that 
not all of the C0 2 in chemical combination is in the form of BHC0 3 , 
but that some of it is combined with hemoglobin as hsemoglobin- 
carbamino compounds. 


Normal CO z Values * (c.c. per 100 c.c., unless otherwise stated) 



XTroik-Blood. 

PtiSSA. 


Min. 

Max. 


Mu. 

CO* capacity (CO, in combination plus CO, in 





solution) . ■ . # . 

CO, combining pernor (CO, in combination) or 

43 0 

66 0 

65-0 

82 0 

aUtah reserve ...... 

CO, in physical solution (blood equilibrated irith 

410 

63 0 

63 0 

77 0 

CO, at 40 mm.) 

about 2*7 

26 


Arterial CO, content 

32 0 

60 0 



Hn&j 

„ „ ,, CO, in physical solution. 

16 

40 

— 


,, „ „ CO, m chemical combination 

310 

66 0 

— 

Kali 

Venous CO, content 

38 0 

65 0 

610 

r;ri 

„ „ ,, CO, m physical solution 

17 

42 

29 

vtl 

„ „ „ CO, in chemical combination 

36 0 

610 

48 0 



EH 

63 0 

22 0 

frriJ 



G5 0 

25 0 

65 0 


* Compiled mainly from publications of Gram, Wnght, and Peters, Barr and 
Rule. 
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CHAPTER XIX 


CHLORIDES 

The normal ranges in whole blood and in plasma are given on 
p 333, and the importance of securing “ true plasma ” for estimation 
of plasma chlorides has been, emphasised in Chapter IX 

Hypochlorcemia 
Intestinal obstruction 
Mercury poisoning 
Severe protracted vomiting 
Severe bums 
Pneumonia 

Untreated diabetes (some cases) 

Nephritis „ „ 

Cholera » » 

Fevers „ „ 

Gross restriction of chloride 
intake 

Addison’s disease ( cf p 378) 

Clinical Value 

The estimation of blood chlorides, though of the greatest interest 
m special investigations such as of the distribution of the acid anti 
basic radicles of the blood, until recently was not considered of 
much clinical assistance Lately hypochlortemia has been discovered 
in many conditions m which there is loss of electrolytes owing to 
continued vomiting, gross watery diarrhoea, or marked exudations 
This discovery has provided a rational explanation of the value of 
the saline injections which have been used empirically for many year* 
The chief value of chloride analysis is probably m intestinal obstruc 
tion and m patients with severe prolonged vomiting or severe bumSi 
as a guide to treatment with sodium chloride (see Chapter IX) Iu 
nephritis (with or without cedema) the blood chlorides may ho 
normal, low or high In nephritis with cedema there is commonly ft 
tendency to high values, but gross hyperehlorcerwa is unusual, 
presumably because water retention generally runs parallel with 
chloride retention (see Chapter V) Kidney disease with cedema maj 
sometimes be associated with hypochlorsemia In “ nephrosis ” the 
blood chlorides commonly he within normal limits Though of 
little or no value in diagnosis the estimations are, however, some 
times of value as a guide to the degree of salt restriction (if a n J/ 
which should be imposed m nephritis It would appear to be unwise 
to restrict the salt intake when there is already hypochlonemia. or 
to continue unaltered the restriction when hypochlonemia has been 
produced 

The fact that in pneumonia the blood chlorides are low expl' uns 
the diminished output in the urine m that disease, and leads to 


Hyperchlorccmia 
Nephritis (some cases) 
Eclampsia „ 

Prostatic obstruction (-some 
cases) 

Cardiac disease (some cases) 
Severe ansemia „ „ 
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the suggestion that the chlorides are “ locked up " m the pneumonic 
exudate { see also Chapter XV) 

The high figure for whole blood chlorides in severe anaemia may 
be due to the large proportion of plasma m the sample analysed 

It has been suggested that the maintenance of the osmotic 
equilibrium of the blood depends largely on the chlonde concentra 
tion, and that the fall m blood chloride which accompanies a rise in 
other crystalloids is a compensatory mechanism On this basis may 
be explained the kypochlorsemia of diabetes as due to hyperglycemia, 
of advanced nephritis as due to retention of non protein nitrogen, 
and of alkalotic conditions as due to the increased plasma bicarbonate 

There has been a general failure to confirm the suggestion of 
Allen that pure hypertension is due to an increase of the plasma 
chlorides 

Technical 

Numerous methods for the estimation of chlorides in blood have 
been published, for an excellent discussion of which the reader is 
referred to Peters and Van Slyke’s Quantitative Clinical Chemistry, 
Vol II Whitehorn’s method (J Biol Chem , 1920-21 45, 449) 
described below, is simple and convenient in that it can be applied 
to the tungstic filtrate obtained by Folrn and Wu’s method 

Principle The proteins arc precipitated by sodium tungstate 
and sulphuric acid The chlorides m the protein free filtrate are 
precipitated by an excess of silver nitrate the excess being deter 
mined by back titration with potassium thiocy anate, using iron alum 
as indicator 
Solutions 

(1) Standard Silver Nitrate Dissolve 4 791 gm of AR silver 
nitrate in about 100 c c of distilled water in a beaker, transfer 
quantitatively to a 1,000 c c volumetric flask and fill up to the 
mark with distilled water The solution is 0 0282 N , and Ice 
corresponds to 1 nigm of Cl or 1 C5 mgm of NaCI It should be 
stored in a brown bottle 

Alternatively, 5 cc of 0 033 N (N/30) silver nitrate (prepared 
by dilution of 0 I N AgNO a — see Appendix), or 10 c c of 0 02 N 
(N/50) silver nitrate may be used, in winch case tho following 
factors apply — 

1 c c of N/30 silver nitrate = 1 18 mgm of Cl = 1 95 rngra of NaCI 
1 c c of N/50 silver nitrate = 0 71 mgm of Cl = 1 17 mgm of NaCI 

The thiocyanate employed must then similarly be prepared by 
dilution of a 0 1 N solution, and checked against the silver solution 
as described below 

(2) Potassium (or Ammonium ) Thiocyanate (Sulphocyamde) 
Becauso thiocyanates are hygroscopic, the standard solution must 
* bo prepared volumctncally Dissolve 3 gm of KCIsS or 2 5 gm 
of NH 4 CNS in 1,000 c c of distilled water Titrate 10 c c of tho 
standard silver solution, to which about 5 ec of concentrated 
HN0 3 have been added, with the thiocyanate delivered from a 
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burette, using iron alum as indicator Note the volume required, 
and either dilute the thiocyanate so that 10 c c of it correspond 
exactly to 10 c c of silver solution, or label the bottle with the 
appropriate factor, ice of thiocyanate = 1 cc of silver nitrate 
Technique Precipitate proteins as follows — 



In whole 

In “ true ” 


blood 

plasma 

Distilled water 

14 c c 

16 cc 

Blood or plasma 

2 ft 

2 „ 

10 per cent sodium tungstate 
(Na 2 W0 4 2H 2 0) — chloride free 

2 „ 

1 „ 


2/3 N sulphuric acid 2 „ 1 », 

In each case the filtrate is 1 in 10 

In a porcelain dish place 

10 c c of protein free filtrate, 

5 c c of standard silver nitrate solution, 1 
and stir thoroughly with a glass rod 

Add 5 c o of concentrated chloride free nitnc acid Mix well 
and allow to stand for five minutes to permit the silver chloride 
to flocculate With a spatula add about 0 3 gm of solid finely 
powdered iron alum (feme ammonium sulphate) and titrate the 
excess of silver nitrate with the standard thiocyanate solution 
from a 5 c c microburette, until the definite salmon red (not yellow) 
colour of the feme thiocyanate persists in spite of stirring for at 
least fifteen seconds Note the volume used 

Calculation Ten c c of protein free filtrate correspond to 1 c o 
of blood or plasma 

Five c c of the silver nitrate are used Let the back titration 
with thiocyanate (of which lcc =1 cc of silver solution) be 
x c c Then (5 — x) c c of the silver solution are required to 
precipitate the chloride in the 1 c c of blood Therefore, since 
1 c c of AgN0 3 corresponds to 1 mgm of Cl or 1 65 mgm of NaCI 
the amount of chlorides m the blood equals 

100 x (5 — x) mgm of Cl per 100 c c 
or 165 x (5 — x) mgm of NaCI per 100 c c 

Example of Calculation from First Principles 10 c c of filtrate 
from whole blood were used, and 6 c c of N/30 AgNO s were added 
Back titration was 2 4 c c of KCNS, of which 96 cc corre 
sponded to 10 c c of N/30 AgNO s 

9 6 c c of KCNS = 10 c c of N/30 AgN0 3 



2 4 = — £. 2 4 = 2 5 e c of N/30 AgNO, 

9 o 

* Use 10 c c instead of 5 c c 1 1 the silver nitrate employed is N/50 
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( Therefore AgNO s used =5 — 2-5 — 2*5 c .c. of N/30. 

AgN0 3 + NaCl = AgCl + NaNO, 

30,000 c.c. of N/30. 58-5 gm. 

30 c.c. of N/30. 58*5 mgm. 

1 c.c. of N/30. 1*95 mgm. 

Therefore 2*5 c.c. of N/30 AgNO a correspond to 2*5 x 1-95 mgm. 
ofNaCl. 

Ten c.c. of filtrate represent 1 c.c. of whole-blood. 

Therefore 1 c.c. of whole-blood contains 2*5 x 1*95 mg m, of 
NaCl. 

Whole-blood chlorides equal 2*5 x I >95 x 100 = 488 mgm. 
(as NaCl) per 100 c.c. 
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CHOLESTEROL 

Cholesterol in the blood may be free or combined as esters 
In the corpuscles the greater portion is free, in the plasma the 
greater portion is combined as esters In cluneal work, however, 
analysis is usually limited to a determination of the total (free 
plus ester) cholesterol, owing to the complexity of the differential 
estimation The normal findings vary slightly with the method 
employed 



butter and meat), and may be lowerd by a cholesterol poor diet 
(eggs meat, certam fish (salmon, bass), cheese, olive oil, etc , 
forbidden) In some cases it rises a little during pregnancy (rarely 
exceeding 400 mgm ) to fall shortly after evacuation of the uterus 
It may be raised a little during starvation 

Hypocholesterolcemia Hypercholeslerolcemia. 

Severe amemia Xanthomatosis 

Pernicious anajmia (some cases) “ Nephrosis ” 

Severe sepsis Nephritis with oedema 

Severe cachexias Diabetes (some cases) 

Arteriosclerosis (some cases) 
Obstruction to bile passages, if 
complete or nearly so 
(Cholelithiasis, New Growth, 
etc ) 

Gout (some cases) 

Sepsis (some cases) 

Pregnancy (some cases) 

Some of the most extreme examples of hypercholesterolemia are 
met with in nephrosis (see Chapter V) , the figures usually be 
betu een 300 and 800 mgm per 100 c c A portion of this cholesterol 
is in combination with the eu globulin fraction of tho plasma 
proteins Since the introduction of msolin, bypercholesterokcm 1 * 1 
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has become less common m diabetes Values up to 1,000 mgm 
have been reported, but most figures fall between 200 and 600 mgm 
Some hold that diabetic hj percholesterolamna is due to acidosis, 
others that it is due to the abnormal mobilisation of fat mto the 
blood Certainly hypercholesterolemia may occur apart from 
acidosis In diabetic xanthomatosis the excess of cholesterol is 
removed by adequate treatment with insulin, and the xanthoma 
deposits may disappear completely (Major) In the non diabetic 
cases hypercholesterolemia (200 to 700 mgm ) is the rule, but is 
absent in a few instances , in the non diabetic group insulin 
apparently has no influence on the cholesterol content of the blood 
or on the deposits (Ingram) Hypercholesterolemia is usually a part 
of a general hypcrhpoidemia 

Clinical Value 

Cholesterol estimations are useful in the diagnosis of xantho 
matosis, and are often of great interest m the other conditions 
listed The finding of hypocholesterolemia is of little or no value 
clinically It has been claimed that the prognosis in cases of 
enlarged prostate is better (that the operation risk is less) if there 
is hypercholesterolemia, but this has not been confirmed by 
subsequent work Likewise m diabetes cholesterol determinations 
have been regarded as of prognostic value but there is no general 
agreement on this matter In nephritis with ccdema the hyper 
cholesterolasmia can almost always be prophesied from the clinical 
observations , blood tests are generally superfluous In many other 
types of oedema (e g , cardiac) there is no excess of cholestero l, but 
there is genera lly no difficu lty in distinguishing nep hritic oedema 
from the other typ es on cl inical grounds alone In cancer there arc 
no characteristic - findings , slightly raised, normal and low figures 
have all been reported * 

Smce hypercholesterolaem la only occurs w hen obstruction of 
th e bile passages is complete, o r a lmost so cholesterol estimations 
arc not of much value in the diagnosis of g all stone s, etc { cf Clia pier 
XII) On the whole, therefore, with the possible exception of 
xanthomatosis, determinations of the cholesterol content, of the 
blood are of little help in clinical work, though they may be of the 
greatest interest in special investigations 

In pathological conditions the excels of cholesterol is generally 
more marked in the plasma than m the corpuscles Examination 
of the whole blood, however, generally gives as definite information 
as examination of the plasma or serum, and is preferred for reasons 
of economy 


Technical 

Cholesterol may ho determined colonractncallj or grain 
metrical!} The first method depends on the reaction of free plus 
ester cholesterol with acetic anbjdnde and sulphuric acid, the 
second on the precipitation of free cholesterol by digitomn (a 
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saponrn) The first method may be carried out on 1 c c of blood, 
the second is less suitable for clinical purposes owing to the relatively 
large volume of blood, the time and the expense involved 
Schoenheimer and Sperry have evolved a micro method for free and 
total cholesterol in which, the two principles are combined The 
colorimetric technique of Myers and Wardell (total cholesterol) is 
recommended and will now be described 

Principle The blood is mixed with plastei of Pans and dried 
This makes the blood finely divided and readily extractable, and the 
calcium holds up certain substances which would otherwise give an 
additional colour subsequentlv The dried blood is extracted 
repeatedly with chloroform, and the extract is treated with acetic 
anhydride and sulphuric acid The resulting green colour is coni 
pared with that of a standard cholesterol solution similarly treated 
Method In an cvapoi atinsr bisin of 3 in 
diameter place 4 to 5 gm of plaster of Pans 
(bcmihydrate of calcium sulphate), and add 
1 c c of whole blood, plasma or serum Stir 
thoroughly with a glass rod 3 5m long Place 
the basin, with the rod inside, in a drying 
oven at 60° to 80° C for an hour or more At 
intervals break up the powder with the rod 
and mix the contents of the basin When a 
dry free flowing powder has been secured, 
scrape it out completely with a spatula or 
pocket knife on to a fat free filter paper 
(Whatman No 43) Transfer it quantitatively 
to a Soxhlet thimble (26 x 60 mm i» 
convement) Screw up the filter paper into 
a ball, which place on top of the powder in the 
mouth of the thimble , this breaks the fall of 
the drops of chloroform in the subsequent 
distillation and lessens the risk of the powder 
being splashed out of the thimble See that 
F apparatus 8 ‘’^he to P thimble is a few millimetres 

flaak contains higher than the top of the syphon, thus making 
chloroform ■which sure that no powder can be floated out of the 
iLJSX", 'h. .?J? “ outh of tho thimble — if necessary prop up 
arm into the con the thimble to the required height by putting 
d ® ns ® r from a bit of glass rod or copper wire or a pellet of 
tho C thimble 1 3 £ot fat free P a P er underneath Extract in the 
shown) m tho Soxhlet apparatus (Fig 66) for an hour or 
n,,a cha v? ber longer Then remove the thimble from the 

When the chloro ° . , , , T j, 0 *. 1 

form reaches the apparatus, which connect up agam, anti oisiu 
top of the syphon the chloroform into the thimble chamber 
mto th/tok'to Sto P the distillation when the level of the 
be vaporised agam chloroform IS just short of tile top of tUO 
bnt leaves behind syphon Disconnect the apparatus cautious!} 
etc , It 'had to avoi( l syphonage of the chloroform from the 

solved thimble chamber into the flask By this means 
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it is easy to secure the blood extract in 15 to 20 c c of chloroform 
in the flash Filter the contents of the Soxhlet flash into a 25 c c 
volumetric flask Wash out the Soxhlet flash with three or four 
portions of 1 to 2 c o of chloroform, passing the washings through 
the filter Cool the contents of the volumetric flask (if necessary) 
and add chloroform exactly to the 25 c e mark 

In one glass-stoppered test tube place 5 c c of the “ unknown ” 
chloroform extract In another, place 5 c c of the standard 
cholesterol solution (8 mgm per 100 c c ) To each tube add 
2 c c of A R acetic anhydride, and 0 I c c of concentrated sulphuric 
acid Stopper the tubes and mix the contents of each thoroughly 
Place both tubes m a basin of water at 22° C for exactly fifteen 
minutes in a dark cupboard Then without delay remove the 
tubes, and compare the coloura of the “ unknown ” and standard 
in a colorimeter, the cups of which must have their bases fused on 
(Kober colorimeter) or cemented with chloroform insoluble material 

Reagents 

(1) Stock Cholesterol (0 1 per cent ) Dissolve 01 gm of the 
purest anhydrous cholesterol 1 m 10 to 20 c c of chloroform m a 
100 c c volumetric flask, and add chloroform to the mark 

(2) Standard Cholesterol Soluixon (8 mgm per 100 c c ) Pipette 
accurately 4 c c of the stock cholesterol solution (100 mgm per 
100 c c ) into a 50 c c volumetric flask, and add chloroform to the 
mark 

The stock chloroform solution will keep for months in a well 
stoppered (glass stopper) bottle in the dark The standard solution 
usually keeps for a few weeks if similarly well stoppered 

All the chemicals (chloroform, cholesterol acetic anhydride and 
sulphuric acid) Bhould be of the best quality (A R ) 

Calculation Let S be the reading of the standard solution, 17 of 
the unknown Let x be the quantity of cholesterol m 5 c c of the 
chloroform extract of blood 

100 c c of the cholesterol standard contain 8 mgm of cholesterol 
Therefore 5 c c contain 0 4 mgm 

Therefore xxU — Sx0 4, 

or i = ^ X 0 4 mgm 

25 c c of the cholesterol extract correspond to 1 c c of blood 

5 » » » „ „ „ 0 2 „ 

Therefore in 0 2 c c of blood there aro^ x 0 4 mgm of cholesterol 

.» 100 „ „ „ „ |x 04 X ~ mgm 

of cholesterol 

1 Cholesterol in the form of notched plates (crj stalhsed from 00 per cent alcohol) 
is the monohydrnto C„H„0 11,0 (MW 3S6 + 18 «= 404) Use 0 1047 gm of 
this instead of 0 1 gm 
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Blood cholesterol equals^. X 200 mgm per 100 c c 

Notes Myers and Wardell use a special extraction apparatus 
but a small Soxhlet apparatus is equally satisfactory Alternatively 
the thimble may be suspended in the upper part of a flasl containing 
chloroform by a piece of copper wire fixed into the cork through 
which passes a reflux condenser 

They propose an alternative standard solution which is an 
artificial standard consisting of aqueous 0 005 per cent naphthol 
green B They find that when this solution is set at 15 5 nun 
0 4 mgm of cholesterol m 5 c c of chloroform treated with 2 c c 
of acetic anhydride and 0 1 cc of concentrated HaSOj will read 
15 ram If a naphthol green B standard is employed the colour 
must be ehecl ed against the treated cholesterol standard 
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NON-PROTEIN NITROGEN NITROGEN PARTITION 

The nitrogen of the proteins of the blood constitutes about 
98 to 99 per cent of the total nitrogen The remaining 1 Or 2 per 
cent is termed * non protein nitrogen,’ or N P N , because it is 
nitrogen not contained m protein at the time of the anal} sis J — the 
term does not refer to the source of the nitrogen The NPN 
includes the nitrogen of urea, unc acid, creatinine, creatine, 
ammonia, amino acids, and the nitrogen of other nitrogenous 
bodies which is usually labelled " undetermined ”or “ rest nitrogen ” 
Urea nitrogen accounts for roughly half (33 to 65 per cent ) of the 
non protein nitrogen of normal blood 

Hammett ( J Biol Chem , 1920 41, 611) studied the nitrogen 
partition of the w hole blood of sixty normal individuals three and a 
half hours after a meal, with the following results 



Mgm per 100 c 

■ 

As Percentage of L P V 


Highest 

Lowest 

Average 

Highest 

Lowest 

Average 

Non protein N 

| 45 5 

! 27 3 

35 6 

— 

— 

- 

UreaN 

E3K 

97 

EB 

65 7 


47 8 

Creatinine N . 


0 37 

KB 

17 

KB 


Creatine N . 1 

ni 

0 63 

I 30 

KB 

22 


Unc acid N. . 


0 50 

0 78 


1 4 


Ammo acid N 

HU 

KB 

40 

ga 

8 8 

13 8 

Heat N, . 

| 18 3 

■9 


| 48 6 

10 4 

31 1 


The ammonia nitrogen of whole blood is so small (0 1 to 0 2 
mgm ) that it can be disregarded It avill be noted that the rango 
of variation m the aboa e table is not so w ide as that in the tablo on 
p 333, which is compiled from a much larger number of results 
obtained by many different investigators It will be seen that 
in round numbers urea nitrogen constitutes 48, creatinine nitrogen 1, 
creatine nitrogen 4, uric acid nitrogen 2 amino acid nitrogen 14, 
and rest nitrogen 31 per cent of the total non protein nitrogen 
This should bo contrasted with the nitrogen partition of urine 

1 Strictly speaking tl c J* F IN is tlo nitrogen m tho filtrate obtained after 
precipitating proteins it tl e ref ore does not include lipoid nitrogen because tho 
iipoi U arc earned down with tho proteins when tungstic or trichloracetic acid i» 
mod as precipitant 

CB*M HtTBOns IS 
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(p 295) urea nitrogen 85, creatinine nitrogen 5, unc acid nitrogen 
about 1 5, ammonia nitrogen about 3, and all tiie lcinaming 
nitrogenous constituents (of •which ammo acids constitute a large 
part) about 5 5 per cent of the total (non protein) nitrogen 

In diseases accompanied by increase of the blood non protein 
nitrogen, the percentage which is urea nitrogen increases (c/ table 
on p 99) at the expense of the rest nitrogen, the absolute amount 
of which is practically unaltered Thi3 is illustrated also in the 
following table, which, with modifications, is taken from Mjers’ 
book 


Nitrogen Partition of Whole blood in per cent of N PJ$ 


Condition. 

Urea N 

Creatinine 

H 

Uric acid 

N 

Ecmalnlog 

H‘ 


43 

1 

2 

40 

Gout 

43 

1 

0 

45 

Parenchymatous nephntia 

S5 

1 

2 

42 

Interstitial nephritis 

60 to 70 

1 to 2 

2 

37 to 26 

Terminal interstitial nephntia 

70 to 80 

1 

2 to 2 5 ; 

2 to 3 

26 to 15 


1 Remaining N here includes creatine nitrogen ammo acid nitrogen, and rp8t 
nitrogen 


From this table it is clear that in health, and still more in disease 
with nitrogen retention, an estimation of the urea nitrogen gives 
practically as much information as an estimation of the non protein 
nitrogen (c/ also Chapter V) For this reason the reader is referred 
to the discussions of blood urea m Chapter V, and later in this 
chapter, from which he can infer the alterations of non protein 
nitrogen which may occur in disease 

Though all are agreed that alterations in the blood urea geuerall} 
reflect the changes of non protein nitrogen, some workers prefer to 
estimate the latter For this reason the technique is given below 

Technical 

The proteins are precipitated by tungstic acid or trichloracetio 
acid, and the nitrogen uv an aliquot part of the pxotem free filtrate 
is determined by a macro Kjeldalil or micro Kjeldahl method, or ty’ 
digestion and Nesslerisation For a description of the many 
modifications of the Kjeldahl procedure the reader is referred to 
Peters and Van Slyke’s QnanUtatne Cltntcal Chemistry, Vol II 

Estimation of Non-protein Nitrogen by a Micro-Kjeldahl 
Method 

Principle The proteins of whole blood, serum or plasma are 
precipitated by tungstic acid (see p 332) The nitrogenous bodies 
of an aliquot part of the protein free filtrate are digested with 
sulphuric acid to yield ammonium sulphate (The boiling point of 
the acid is raised by the addition of the potassium sulphate and the 
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copper sulphate catalyses the reaction *) The ammonia is liberated 
by adding an excess of caustic soda solution, and is removed by steam 
distillation into an excess of standard acid The excess of standard 
acid is determined by titration with standard NaOH The difference 
corresponds to the standard acid neutralised by the ammonia from 
the nitrogenous bodies of the protein free filtrate, and from this is 
calculated the non protem N 

(NH 4 ) 2 S0 4 + SNaOH = Na^O* -f 2NH 3 + 2H0H 
2NH 3 + H 2 S0 4 = {NH 4 ) 2 S0 4 
H 2 S0 4 + 2NaOH = Na s S0 4 -f 2HOH 

The Apparatus (Fig 67) is a modification of Pregl s It consists 
essentially of a steam generator and a Bmall Kjeldahl flask on to 
the neck of which is blown a bulb, through which passes the steam 



Fi<J 07 Pregl s micro Kjeldahl apparatus (modified) A, Condensed 
steam trap B Outlet for condensed steam C Funnel through 
which solutions a to passed into Kjeldahl flask 


delivery tuba reaching almost to the bottom of the flask, the terminal 
portion being bent so as to dip v ell under tho fluid in the flask The 
steam and liberated ammonia pass up through the bulbous portion 
and through a trap to a vertical hard glasa condenser to which is 
attached a deh\ cry tube, the tip of which is placed beneath a known 
volume of standard acid 

The apparatus, apart from the steam generator, condensed 

1 Tho digestion mixture used for plasma proteins (p 371} may bo substituted. 
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steam trap and condenser, is blown in one piece Condensed steam 
is trapped in A The NaOH is admitted through C After com* 
pleting a test the flame is removed from under the steam generator, 
when, owing to cooling, the contents of the Kjeldahl flash are 
sucked back into A, and are run off through B before the next test 
It is essential that the whole Kjeldahl apparatus, together with 
the central and delivery tubes of the condenser, shall all be made 
of hard glass If soft glass is employed a large and fluctuating 
blank will be obtamed, owmg to solution of varying amounts of 
alkali from the glass, and the results will be valueless When a 
new apparatus has been assembled, steam should be passed through 
it for four or five hours before undertaking any analyses, after 
which a low and constant blank will generally result 

Estimation Max in a boiling tube, and then filter 


Water, ammonia free 16 c c 

Serum or plasma 2 „ 

10 per cent sodium tungstate 1 „ 

2/3 N sulphuric acid . 1 „ 


(For whole blood the proportions are 14, 2, 2 and 2 c c 
respectively ) 

In a silica or pyrex boiling tube (8 m Xlm) place 
(10 c c of the protein free filtrate 

2 c c of concentrated sulphuric acid, 1 MAR, nitrogen free 
| A pinch of pure potassium sulphate, A R 
A crystal of pure copper sulphate, A R 
lA glass bead 

Mix well and digest over a small flame in a fume cupboard till 
the mixture is clear — about thirty minutes — and continue the 
digestion for half an hour after the clearing 

[Whilst the digestion is proceeding, clean the apparatus by 
passing steam for about half an hour, remove flame and run off 
trapped water through B , then perform the blank test — see below ] 
Allow the digest to cool, add about 4 c c of ammonia free 
distilled water, mix and pass into the apparatus through C , wash 
out the digestion tube with a further two portions of water each of 
about 3 c c , which also pass through 0 

Place the 0 01 N sulphuric acid in the conical flask — 15 c c is 
usually ample, cf Note — and add a few drops of methyl red solution 
(eg , 0 02 to 0 05 per cent m 50 per cent alcohol) as indicator 
Put the conical flask in position, with the tip of the delivery tube 
under the acid 

See that steam is being generated from the boiler Add through C 
10 c c of 40 per cent caustic soda 

Steam distil for at least ten minutes Lower the receiver, v ash 
the tip of the delivery tube with distilled water, and continue the 

* The digestion mixture used for plasma proteins (p 371) may be substituted 
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distillation for another tiro minutes to wash the inside of the delivery 
tube Titrate the distillate with 0 01 N caustic soda 

A Blank test must be performed by substituting water for the 
blood or plasma Thus in a blank for the estimation m plasma, 
mix 18 c c of water, 1 c c of 10 per cent tungstate and 1 cc of 
2/3 N acid, and filter through the same grade of filter paper as used 
m the test proper Take 10 c c of the filtrate and carry out the 
digestion and subsequent steps exactly as in the test itself The 
blank value should not exceed 15-14 75 or 0 25 cc of 0 01 N 
alhab 

Example of Calculation 15 c c of 0 01 N sulphuric acid were 
placed m the receiver 

The titration was 9 1 c c of 0 01 N NnOH 
The blank was 0 15 c c of 0 01 N alkali 

Therefore, the acid neutralised by the ammonia from the protem- 
free filtrate was 

15 0— 91 — 015cc = 5 75 cc 
H«S0 4 + 2NH 3 = (NH 4 ) s SO, 

2,000 c c N/l 2(14 + 3) gm 

Since 1,000 c c of N/l H 2 S0 4 correspond to 17 gm of ammonia, 
or 14 gm of ammonia nitrogen, 

lcc of N/l H 2 S0 4 — 24 mgm ofN 

1 c c of N/100 H 2 S0 4 = 0 14 mgm of N 

5 75 c c ofN/100 H 2 S0 4 = 0 14 X 5 75 mgm of N 
— 0 805 mgm of N 

Since 10 c c of protein free filtrate = lcc of blood, plasma or 
serum, 

lcc contains 0 805 mgm of N 
100 c c contain 80 5 mgm of N 
u, NPN=S0 5 mgm per 100 c c 

Note When the N P.N is very high (over about 180 mgm ), 
use more (e g , 25 c c ) of the 0 01 N acid, or less filtrate (e n , 5 c c ) 
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. OXYGEN 

Oxygen is earned in the blood m loose combination with 
haemoglobin, though there is also a minute trace m physical solution 
The quantity of oxygen in the blood, therefore, depends almost 
entirely on the concentration of haemoglobin 

By the oxygen capacity is implied the number of cubic 
centimetres of oxygen which 100 c c of whole blood fully saturated 
with oxygen (air) can carry It may conveniently be determined 
with the aid of the Van Slyke apparatus (p 198) For a detailed 
description of the method the reader is referred to Peters and Van 
Slyke’s book ( Vol IE ) In brief, a known volume of blood is saturated 
with air in the apparatus, and then lahed with aif free water 
Potassium femeyamde solution is added and the apparatus is 
evacuated The evolved gas is a mixture of oxygen, nitrogen and 
carbon dioxide The C0 2 is absorbed with NaOH solution, and the 
volume of the residual 0 2 + N 2 is measured Corrections are made 
for temperature, barometric pressure, aqueous vapour pressure and 
nitrogen The oxygen capacity includes the oxygen combined 
with haemoglobin and the oxygen in physical solution 

The oxygen combining power is the cubic centimetres of oxygen 
combined with the haemoglobin in 100 c c of blood fully saturated 
with oxygen (air) It is the oxygen capacity minus the oxygen in 
physical solution 

The haemoglobin concentration may be calculated from the 
oxygen capacity after making allowance for the oxygen in physical 
solution, » e , from the oxygen combining power ’ One c c of 
oxygen combines with 0 746 gm of haemoglobin 

The oxygen content is the number of cubic centimetres of oxygen 
(at N T P ) m 100 c c of blood, the blood being obtamed without 
loss of gases and without admission of air (c/ Chapter XVII) 
Analyses may be made on arterial and on venous blood , analyses 
of both are usually necessary m assessing the type and degree of 
anoxaemia With but alight differences, the technique of the 
determination of the oxygen content is the same as that of the 
oxygen capacity 

The oxygen saturation (of hemoglobin) is the quantity of oxygen 
combined with the haemoglobin in 100 c c of blood, expressed as a 
percentage of the oxygen combining power of that particular blood 
It is therefore the “ oxygen content minus 0 2 in physical solution,” 
expressed as a percentage of the “ oxygen capacity min us O s m 
physical solution,” or 

(c c O t conten t — 0 2 c c *) 

(cc 0 2 capacity — 0 5 c <f) * 

* Arterial blood gee table on p 359 
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The oxygen unsaturation is equal to 100 — oxygen saturation 
It is often calculated as the oxygen capacity less the oxygen content, 
though strictly this is not correct, because of the oxygen capacity 
value about 0 5 c c is in physical solution whereas of the oxygen 
content value about 0 1 c c (venous) or 0 2 c c (arterial) is m physical 
solution (see table below) 

The oxygen tension or oxygen pressure of the blood is equal to 
the pressure of the oxygen m an atmosphere with which that blood 
is in equilibrium It cannot be measured directly by simply 
extracting all the gases from the blood and determining the com 
position of the extracted gas mixture, because the oxygen (and C0 2 ) 
is present not only in physical solution, but also w chemical 
combination It must, therefore be determined indirectly with 
the aid of an “ oxygen dissociation curve " or a " haemoglobin 
dissociation curve ’ (c/ C0 2 tension, Chapter IX) 

The different oxygen values obtamed m healthy males are given 
m the following table which is compiled mainly from the publications 
of Stadie Harrop Gram, and Wright 


Oxygen Values m Healthy Males ( Whole Blood) {Cubic 
Centimetres per 100 cc of Blood , unless otherwise slated) 



Mil 

Min. ! 

Aver 

Oxygen capacity (0* in combination plus 0, in solution) 
Oxygen combining power (0, in combination) x 

Oxygen in physical solution (blood saturated with 0,) 

24 7 

14 4 . 

20 4 

22 2 

17 8 

20 0 

— 


0’S 

Arlonal oxygen content 

m 

13 0 

19 6 

, , , (Oxygen m physical solution) 

Venous oxygen content 

fes I 

— 

02 

Eij 

06 

14 1 

„ h (Oxygen in physical solution) 

bN 

— 

01 

I Cubic centimetres per 




Artenal oxygen rmsaturation 1 jp e 1 c “J' „f„y Ee „ eI> » 

14 i 

06 

10* 

l bining power 
/Cubic centimetres per 100 . 

65 i 

63 

28 

49 

m 

Venous oryi?® UBBaturatrai j P< , C ,' rot „, orsE „,com 

( bining power 

33 0 

22 7 

E%|l 

Artenal oxygen tension millimetres 

100 0 

84-0 


Venom oxygen tension millimetres 

60 0 

30 0 



1 Corresponding figures for oxygen combining power of healthy females blood 
oro mas IS 0 mm 10 1 and «v 17 fl c c per 100 e c of blood Them are lower 
than the values for males because the blood of healthy women contains a lower 
concentration of hemoglobin 

* The oxygen saturation = 100 — oxygen unsaturation (expressed as per cent of 
oxygen combining power) 

When the tissues receive an inadequate supply of oxygen 
anoxaemia is present Bircroft has classified finoxvmia in three 
groups, anoxic (artenal), stagnant and anrcmic In the anoxic 
type tho artenal oxygen unsaturation exceeds 6 per cent, or, in 
other words, tho hrcmoglobm is less thfCn 91 per cent saturated with 










360 


CHAPTER XIX 


oxygen The anoxcenua may be due to diminished partial pressure 
of oxygen in the atmosphere (at high altitudes in flying or in 
mountaineering) or to pulmonary disease (pneumonia, cedema, 
emphysema) The shallow rapid breathing is probably the cause 
of the anoxsamia in lung diseases , some of the lobules are 
incompletely expanded, with the result that the blood passing 
through these is not folly saturated In lobar pneumonia the 
blood supply appears to be diverted from the consolidated area, so 
that the anoxaemia must be explained by the uneven ventilation of 
the non consolidated areas (c/ Haldane) 

In the stagnant type the arterial oxygen saturation is normal 
[cf Fraser), but impaired circulation results m an increased 
abstraction of oxygen from the blood by the tissues, so that the 
venous oxygen saturation falls below the normal lower limit of 
67 per cent This occurs in uncompensated heart diseases, and 
locally (e g , in the extremities), due to cold, Raynaud’s disease, etc 
In the anaemic type the quantity of available haemoglobin is 
diminished, either due to anaemia (percentage of haemoglobin 
lowered) or to fixation of some of the haemoglobin, as in CO 
poisoning, methaemoglobmaemia, sulphaemoglobinaemia, etc 
(percentage of available haemoglobin reduced) In anaemia the 
percentage oxygen saturation of haemoglobin is normal or above 
normal but the oxygen capacity and oxygen content of the blood 
are reduced in comparison with the values m health In CO 
poisoning etc the percentage oxygen saturation of the total 
haemoglobin is reduced 

Oxygen determinations have thrown considerable light on the 
significance of cyanosis (see Lundsgaard and van Slyhe) It has 
been shown that cyanosis does not occur until about 5 gm of 
haemoglobin per 100 c c of capillary blood are in the reduced form 
(5 gm per cent of reduced haemoglobin corresponds to an oxygen 
unsaturation of about 6 7 c c per 100 c c of blood), or m the reduced 
plus an unavailable form [cf methemoglobinemia and sulphsemo 
globmsemia. Chapter XVIII) Anaemic patients do not readily 
become cyanosed and when the haemoglobin falls below about 
30 per cent of the normal, cyanosis is impossible, since the blood 
contains less than the necessary 5 gm of hemoglobin per 100 c c 
the other hand, m po’iyoythiunua Vne haemoglobin percentage is 
so much above normal that 6 gm of hremoglobm per 100 c c are 
commonly m the reduced form, and therefore there is cyanosis, 
although the tissues are well supplied with, oxygen In other 
words, in order to interpret the significance of cyanosis (or its 
absence), the haemoglobin percentage, or rather the available 
hemoglobin percentage (oxygen combining power), should be known 
As already stated, cyanosis is dependent on the quantity of capillary 
haimoglobm which is reduced and/or altered to CO haemoglobin, etc 
Cyanosis may, therefore, occur even when the arterial oxygen 
saturation is normal, provided that the capillary oxygen saturation 
is low enough In other words, when studying cyanosis, deter- 
minations of oxygen saturation should be made on venous blood 
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(obtained mthout constriction and without loss of blood gases or 
admission of air), and on the arterial blood, in order to decide 
whether or not the cyanosis is due to local circulatory conditions 

Clinical Value 

Although oxygen determinations in the blood have been of the 
greatest assistance in extending our knowledge of the causes of the 
symptoms m pulmonary, cardiac and blood diseases, and m defining 
the limitations of oxygen therapy, they are of only limited value 
in practical medicine The clinical worker can usually obtain all 
the information he requires from his bedside observations and blood 
examinations (haemoglobin determinations, blood counts and 
spectroscopical examination for abnormal pigments) Oxygen 
determinations are valuable, however, for puttmg his observations 
on a quantitative basis Thus most interesting results have been 
obtained in pneumonia by Stadie, but such rapid changes may 
occur in this disease, and the opportunity for chemical tests must 
of necessity be limited by the seventy of the illness, that the clinical 
observer is not matenally assisted m prognosis or treatment 
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PHOSPHATASE 

Phosphatases, enzymes which hydrolyse phosphate esters to 
liberate inorganic phosphate, are widely distributed in mammalian 
tissues, being in greatest concentration in bone, kidney, intestinal 
mucosa and liver They are present also m red cells, which makes 
it essential to take special precautions in determining the inorganic 
phosphate of plasma (see next section on Phosphorus) Traces are 
found also in plasma or serum which has been completely freed of 
cells The origin of this phosphatase of normal plasma or serum 
is still a disputed point , there may be a contmual leakage of traces ( 
of the enzyme from the bones, or from one or more of the other 
phosphatase containing tissues, or from all such tissues 

Pathologically it has been clearly shown that the plasma 
phosphatase is increased in active bone diseases (Kay) and in 
obstructive jaundice (Roberts) The clinical application of these 
observations, however, has on the whole been disappointing, 
involvement of bone is generally obvious on other grounds, and 
attempta to distinguish between different types of jaundice have 
met with only limited success because there is considerable 
overlapping of results in the different groups 

The determination of plasma phosphatase depends upon the 
liberation of extra inorganic phosphate by tbe enzyme from sodium 
P glycerophosphate solution added to the plasma The initial 
inorganic phosphate, and the total inorganic phosphate at the end 
of a given period of incubation, are estimated , the difference is a 
measure of the quantity of the ferment The incubation in Kay's 
original method took forty eight hours , this was modified by 
Roberts to two hours (whole blood used), and by Jerrner and Kay 
to three hours The phosphorus is estimated by different techniques, 
and the normal values are different m the three methods , it is 
therefore essential to name the technique when recording results 


Method# 

Definition* • 0 I Unit 

Normal Range Units 

Kay J 

l mgm. P liberated by 1 cue plasma 1 
in forty eight hours I 

( 31 adults 0 08 to 0 21 
( 8 infants 0 17 to 0 31 

Jenuer and Kay | 

1 mgni P liberated by 100 c c 1 
plasma in three hours • 

10 adults, 3 2 to 7 8 

Roberta , 

1 mgm P liberated by 100 cc j 
' whole blood in. two hours 1 

Up to S 6 


* The definitions here are incomplete — see original papers for full details — but 
are sufficient to show that the units of ensyme and therefore the normal ranges 
must be diHerent by the three methods 
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Kay’s results in pathological conditions may be summarised briefly as follows — 


31 Healthy adults . . 

Over 150 miscellaneous pathological, not bony lesions 

10 Hyperthyroidism 

9 Osteomyelitis 
6 Fragihtas osaium 

28 Fractures and tumours of bone 
13 Rickets 
8 Osteomalacia. 

34 Osteitis deformans 

10 Generalised osteitis fibros3 


0 08 to 0 21 units 
0 1 „ 0 5 „ 

(majority 0 l to 0 3) 
Many, but not all, show alight to 
moderate rise seldom exceeding 
0 7 units 

Almost all show a well marked 
rise of above 0 5 to over 3 
units 


To these may be added Anderson's findings m jaundice, using the same 
method — 

11 Obstructue jaundice 0 45 to 1 44 units 

12 Toxic and infective jaundice 0 16 „ 0 74 „ 

2 Hemolytic jaundice 0 14 „ 018 ,, 

Herbert’s analyses in jaundice show similar overlapping , she used Jennec and 

Kay a method — 

10 Healthy adults 1 3 2 to 7 9 units 

20 Miscellaneous diseases (not bony, not biliary) * 4-5 ,, 14 3 „ 

28 Obstructive jaundice . 12 9 ,, 120 ,, 

24 Toxic and infective jaundice 2 8 ,, 33 4 „ 

14 Hemolytic jaundice 2 6 „ 13 4 „ 
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PHOSPHORUS 

A good review of the physiology of phosphorus is given in Peters 
and Van Slyke’s book An intensive study of blood phosphorus has 
been undertaken by Kay and Byrom, who classify the different 
types of phosphorus compounds found m whole blood as follows — - 

(1) Inorganic phosphate 

( 2 ) Nucleotide phosphate ^ 

(3) Phosphoglycenc acid Ester or 

(4) Reducing phosphoric ester 1 “ organic ’ 

(5) At least one other phosphoric phosphorus 

ester ) 

(6) Lecithin | 

(7) Kephalin j- Lipm phosphorus (phosphatides) 

(8) Splungomyelin J 

/n . AT , , / Residual phosphorus (very small in total 

(9) Nucleic acid j quantlt £, 

Pour analyses are required, viz , inorganic phosphate, acid 
soluble phosphorus, hpin phosphorus, and total phosphorus 
Alternatively the first three may be made, and the total phosphorus 
may be calculated by adding together the acid soluble and lipin 
phosphorus without appreciable error The ester phosphorus is 
calculated as acid soluble minus inorganic phosphorus The normal 
values for these fractions are given on p 335 Except for inorganic 
phosphate (see end of this section), the reader is referred to the 
articles quoted for the methods of estimating the different fractions 
Apart from the inorganic phosphate fraction, comparatively 
little of direct practical clinical value has so far emerged, though 
the observations are of the greatest interest to physiologists and 
pathologists Further description here will, therefore, he limited 
to the inorganic phosphate of the blood 


“ Acid- 
soluble 
phosphorus ” 


Inorganic Phosphate 

Estimations are generally made on plasma, which has been 
separated as soon as possible after withdrawal of the blood, in order 
to avoid the formation of extra inorganic phosphate by enzyme 
hydrolysis of the ester phosphorus in the corpuscles (see under 
Technical) 

The inorganic phosphate of the plasma is higher m infants and 
children than in adults (see p 335), the difference probably being 
due to the active ossification of the child The inorganic phosphate 
falls slightly in pregnancy, presumably owing to the demands of 
foetal ossification A slight rise occurs during lactation, and is 
probably comected with the formation of milk In infanta (and 
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also in adults), there appears to be a seasonal tide of blood inorganic 
phosphate, which may be of significance in the seasonal incidence of 
rickets 

Inorganic P Decreased 
Active nchets 
Osteomalacia (some cases) 

Generalised osteitis fibrosa 
(hyperparathyroidism) 

By insulin 

The chief value of m organic phosphate estimations is in rickets 
They are of distinct value in diagnosis, and particularly pi the early 
stages of the disease, though it must be remembered that low values 
are not pathognomonic of the disease In round numbers the 
serum or plasma inorganic phosphate of healthy children lies between 
4 and 6 mgm per 100 c c , though the reported normal figures cover 
a slightly wider range viz , 3 2 to 6 5 mgm In rickets the serum 
inorganic phosphate may fall below 1 mgm and is commonly below 
3 mgm Thus Howland and Kramer in their senes, found values 
of 0 6 to 3 2 (average 2 0 mgm ) The phosphorus estimation is 
more valuable in this disease than a determination of serum calcium, 
since the low phosphate type of rickets is commoner than the low 
calcium type Kramer, Tisdall and Howland find the product of 
the two (Ca x P) useful in the diagnosis of rickets In health this 
product exceeds 40 

Wills found no significant lowering of the plasma inorganic 
phosphate of a senes of children with marked lack of muscle tone, 
but no evidence of bony rickets Her results, which are well- 
controlled, are given below 


Inorganic P Increased 
Chrome nephntis 
Diabetic coma 

Renal infantilism (some cases) 
During healing of major fractures 





| Mgm. per 100 cc FUsraft 



CMC* 

I 

| lowest. | 

Highest 

Avenge 

Normal , , 

5 to 10 

5 j 

41 

61 

48 

Inflamed tonsils and 1 
adenoids but good 
muscle tono . 

3 to 12 

I 

20 ! 


5 1 

4 1 

Poor muscle tone 

1 toll 

26 ! 

25 

61 

45 


The rise in the serum or plasma inorganic phosphate and its 
prognostic significance in chronic nephntis have already been 
discussed in Chapter V The raised values in diabetic coma are 
probably the result of renal injury 

In renal infantilism a rise in the inorganic phosphate of the 
plasma or serum sometimes occurs [cf Parsons), and maybe ascribed 
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to the kidney disease, the blood chemistry being very similar to that 
found in advanced chronic interstitial nephritis 

In health} adults the inorganic P per 100 c c of plasma or 
serum lies between 2 and 4 mgm Following major fractures it may 
me slightly (to about 6 mgm j, and slowly during the healing of 
the bone, whereas cases of non union do not usually show this 
reaction 

Injections of insulin cause a fall m the inorganic phosphate of 
the blood Phosphoric esters are synthesised in the blood corpuscles 
at the expense of the inorganic phosphate It is probable also that 
an intermediate compound of phosphate and carbohydrate is 
formed in the muscles in the utilisation of glucose subsequent to 
glucose or insulin administration The fall in the inorganic phosphate 
is brought about by a redistribution of phosphorus, and not by a loss 
from the body 

Estimation of Inorganic Phosphate 

Many methods have been introduced for the estimation of the 
inorganic phosphate of blood, which are critically discussed in 
Peters and Van Slyke s Quantitatue Clinical Chemistry, Vol II 
Briggs’ method is selected for description here, because it is simple 
and has perhaps been more widely employed than any other in 
clinical work 

Collection of Blood and Preparation for Analysis The blood is 
collected from a vein m the usual way (Chapter XVII) The 
corpuscles contain “ ester phosphorus ” compounds which rapidly 
hydrolyse in shed blood, liberating extra inorganic phosphate To 
avoid this artificial increase of inorganic phosphate it is essential 
either to separate the corpuscles as soon as possible by centrifuging 
(for plasma analyses), or to carry out the treatment of the whole 
blood without delay Since the plasma contains only small quantities 
of hydrolysahle ester phosphorus, once the plasma is separated delay 
is of little or no consequence Analyses are therefore nearly always 
performed on plasma (separated within half an hour) or on serum 
(separated within two hours) For the reason given, it is also 
obviously necessary to avoid hemolysis Plasma showing a definite 
red. tinge hjnmogl/ihia, shwahi he. dis/sex ded 

If the analysis has to be made on whole blood, a measured 
volume should be laked at once with the requisite amount of water, 
and precipitated with the trichloracetic acid without delay But 
the same hydrolysis will occur m the acid protein free filtrate of 
whole blood if it is kept, so that it is necessary to proceed with the 
analysis at once 

Burkens has shown that this liberation of extra inorganic 
phosphate from ester phosphorus can be prevented by using as 
anticoagulant 0 2 gm of NaF per 100 cc (poisonous action on 
phosphatase) This would be very valuable for whole blood, but is 
not essential for plasma (or serum) provided it can be separated 
rapidly as described above, for, as already mentioned, the ester P 
content of plasma is slight 
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Principle The proteins in a measured volume of blood are 
precipitated with trichloracetic acid An aliquot part of the 
protein free filtrate is treated with molybdic acid, and the resulting 
phosphomolybdate is reduced by hydroquinone in the presence of 
acid and of sodium sulphite The reduction compound is blue and 
non fading under these conditions Its colour is compared with that 
of a standard phosphate solution similarly treated 

Reagents 

(a) Molybdic Acid Solution Dissolve 25 gm of pure ammonium 
molybdate in 300 c c of distilled water Add cautiously 75 c c 
of sulphuric acid to about 100 c c of distilled water m a measuring 
cylinder Cool, add to the ammomum molybdate solution, and 
make up to 500 c c 

(b) Hydroquinone Solution Dissolve 0 5 gm of hydroquinone 
in distilled water and make up to 100 c c , add 1 drop of con 
centrated sulphuric acid to retard oxidation It keeps for a few days 

(c) Sodium Sulphite Solution Dissolve 20 gm of crystalline 
sodium sulphite Na z SO a 7H 2 0 m distilled water to 100 c c and 
stopper well The solution is stable for only a few weoks 

(of) Standard Phosphate Solution Dissolve 0 0878 gm of puro 
dry acid potassium phosphate (KH 2 P0 4 ) in distilled mater to 1,000 
c c Add chloroform as preservative Tmo c c of this solution is 
equivalent to 0 04 mgm of phosphorus 

(e) Twenty per cent Trtchloraceitc Acid 

Technique In a test-tube place 

1 2 c c of plasma or serum {or whole blood), 

G c e of distilled water, 

2 c c of 20 per cent trichloracetic acid 

Close the mouth of the tube with the thumb, and shake vigorously 
for a few seconds 

Allow the mixture to stand for ten minutes, and then filter 
through a double acid washed filter paper 

In a glass stoppered test tube graduated at 10 c c place 

[ 5 c c of the protein free filtrate, 

J 2 c c of the molybdic acid solution, 
j 1 c c of the sodium sulphite solution, f 

I 1 cc of the hydroquinone solution, 

and add water to the 10 c c mark 
In another similar tube, place 

{ 2 c c of the phosphate standard ( = 0 04 mgm. P ), 

2 c c of the molybdic acid solution, 

1 c c of the sodium sulphite solution, 

1 c c of the hydroquinone solution, 

and add mater to the 10 c c mark 

Standard and unknown should bo prepared simultaneously 
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Each is stoppered, inverted to mix, and allowed to stand for thirty 
minutes before comparison m the colorimeter 

Calculation Let S be the reading of the standard, and U of the 
unknown Let x be the mgm of phosphorus in the 5 c c of plasma 
filtrate used 

Since the standard contains 0 04 mgm of P , 
x x U = S X 0 04, 

.* a:=p X 0 04 

Since 5 c c of filtrate correspond to 1 c c of plasma, 

1 c c of plasma contains ^ x 0 04 mgm of P 

100 „ ,, contain x 4 0 mgm ofP 

If the plasma contains much more than 4 0 mgm of P per 
100 c c , a greater amount of the standard phosphate solution (or 
less of the plasma filtrate) should be used, to insure accurate 
colorimetric determinations 

Notes (1) Briggs found that reasonable quantities (c/ 
Chapter XVII) of anticoagulant (oxalate or citrate) did not interfere 
with the development of the colour 

(2) Briggs states that it is not necessary to add trichloracetic 
acid to the standard to balance that in the unknown It is, however, 
necessary that the acidity of the standard shall be within certain 
limits This he has accomplished by the acidity produced by the 
added molybdic acid solution If the acidity is too high (more than 
2 N m the final mixture) the blue colour is not developed 

(3) In a modification of the above method ammonaphthol 
sulphonic acid is used as reducing agent mstead of hydroquinone — 
Fiske and Subarrow, J Biol Chem , 1925, 66, 375 (See also Hawk 
and Bergeim’s Practical Physiological Chemistry) 
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THE PROTEINS OF PLASMA OR SERUM 
The proteins of plasma are albumin, globulins, and fibrinogen 
“ Total protein ” is the sum of the three The normal values for 
the total and the fractions are given on p 33 G Though it must be 
admitted that the differential estimation of proteins is more of 
academic interest than of practical clinical value, requests are 
sufficiently numerous to necessitate the inclusion of the technique 
Tibrin is separated by recalcifymg oxalated or citrated plasma 
Globulins (and fibrinogen) are precipitated by saturation with 
magnesium sulphate, or by half saturation with ammonium sulphate 
(except when nitrogen estimations follow the fractionation) or by 
22 per cent sodium sulphate, 1 and the albumin is determined m 
the filtrate In another portion of the fibrin free plasma, the 
albumin plus globulin is determined Globulin is calculated by 
difference When fibnn(ogen) estimations are not required, serum 
may conveniently be employed for the estimation of albumin and 
of globulins, and serum is often preferred m routine clinical vork 
The total protein, or the protein in each fraction, may be 
estimated refractometncally, colonmetncally, or with the aid of 
nitrogen (Kjeldahl) determinations The refractometnc results are 
criticised severely by Peters and Van Slyke (see their book) because 
they are often higher than the Kjeldahl and colorimetric findings, 
and especially when the plasma contains much lipoid 

Pathological Findings 

The blood fibrin hasjalready been discussed m Chapter XII, in 
connection nith liver disease Low values are found in severe 
degeneration of the liver, but unfortunately so many factors tend 
to raise the fibrin percentage that the test is of little value in hepatic 
diseases Raised values are encountered in a great many diseases 
(most infections, cancer, nephritis, pregnancy, etc ), and the 
estimation is of little or no value clinically 

The total protein is increased by gross dehy dration, as in cholera 
and some other conditions with intense diarrhoea, or in very severe 
and repeated vomiting , this is simply a concentration owing to 
loss of water, and affects albumin and globulins proportionately 
The total proteins are increased also in some cases of kala azar (up 
to 10 gm per 100 c c ) and of multiple myelomatosis (up to 16 gm 
per 100 c c ) , in kala azar the increase is due to globulin (cf Wu), 
and the possible connection of this with the strongly positive 
fonnol gel test has been mentioned m Chapter XVIII , in a propor- 
tion, but in bj no means all cases of multiple myelomatosis, it is 

1 Fractionation l>v 22 per cent sodium sulphate (Howe) may give different 
results from fractionation by liatf saturation with ammonium sulphate {cj line) 
tlio albumin being higher when the ammonium salt is used 
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agam the globulin fraction which is raised, and it has been suggested 
from evidence which technically is not satisfactory, that Bonce 
Jones’ protein itself is responsible in part at any rate for the rise in 
globulin 

The total protein is decreased by loss through the kidneys, TVith 
a resulting marked proteinuria, especially in nephrosis, as has been 
described in Chapter V, and by severe malnutrition (famine oedema, 
wastmg diseases, some cases of diabetes, etc ) In both the renal 
and nutritional groups the fall is generally confined to the albumin 
fraction and is often accompanied by cedema (c f Chapter V) 

For a fuller discussion the reader is referred to Peters and Van 
Slyke’s Quantitative Clinical Chemistry , Interpretations in Vol I 
and Methods in Vol II The techniques selected for description 
below are those which have been found most useful in routine 
clinical work in the writer’s laboratory Some form of Kjeldahi 
determination, which is generally regarded as the standard procedure, 
is essential in all well equipped laboratories, but a colorimetric 
method is often preferred in cluneal work , Wu’s technique (protein, 
or protein fraction, treated with molybdate tungstate reagent and 
compared colorimetncally with a tyrosine standard similarly 
treated) has been employed extensively, but Fine's application of the 
biuret method is simpler 

Micro-Kjeldahl Method for Plasma or Serum Proteins 

The total protem is calculated from the total nitrogen after 
subtraction of the non protem nitrogen, which is estimated as 
described on p 354 or is allowed for as explained below , the 
principle of the nitrogen determinations lias also been given on 
p 354 the only difference being in the digestion mixture used for 
plasma and serum 

In the differential protem estimations globulins are precipitated 
from serum or globulins plus fibrinogen from plasma, by 22 per cent 
sodium sulphate the albumin plus N P N is determined in the 
filtrate Fibrinogen is separated as fibrin by recalcifi cation of plasma 
The same process of digestion, micro Kjeldahi distillation, titration, 
and calculation of nitrogen and hence protem, are applied to each 
fraction It is therefore convement to divide the description of the 
method mto a senes of steps as given below 

Reagents 

Physiological saline, 0 85 or 0 9 per cent NaCl 

22 per cent Sodium Sulphate Dissolve 220 gm of anhydrous 
sodium sulphate (e g , Kahlbaum’s) in about 650 c c of water by 
warming (to about 60° C ) Transfer with the aid of a bttle -warm 
water to a 1 000 c c volumetric flask Place in the incubator and 
make up to the mark at 37° C 

Calcium Chloride Solution 2 5 gm of anhydrous CaCl 2 or 
0 gm of crystalline CaCl. 6H.0 dissolved in water and made up 
to 100 c c 



BLOOD ANALYSIS 


371 


Digestion Mixture Mix well 3 parts of concentrated sulphuric 
acid (MAR, nitrogen free) and 1 part of syxupy phosphoric acid, 
SG 175 

Potassium Persulphate The solid salt of analytical quality and 
substantially ammonia free (BDH AnalaR reagent is suitable) 

40 per cent NaOH 

(1) Separation of Protein Fractions in Serum 

For Total Protein (Albumin N + Globulin N -)- N P N ), mix 

Serum 0 5 c c ] 

0 85 or 0 9 per cent NaCl 4 5,,) 

and use I o c of the mixture for the digestion (1 c c of mixture 3 
0 1 c c of serum) 

For Albumin (Albumin N -{- N P N ), mix in a stoppered flask. 

Serum 0 5 c c ] 

22 per cent sodium sulphate 15 „ l 

Thymol a small crystal f 

and place in the incubator at 37° or 38° C for three hours Filter m 
the incubator through hardened filter paper (e g , Whatman No 44) 
until the filtrate is clear Use 6 c c of the filtrate for the digestion 

(5 c c of filtrate sicc of serum) 

Globulins are calculated by difference from the two 
determinations above Globulin N = (Albumin N -f* Globulin 
N + N P N ) - (Albumin N + N P N ) 

For NPN proceed as described on p 354, or allow for as 
explained below 

(2) Separation of Protein Fractions in Plasma 

For Fibrinogen mix in a boiling tube or small beaker 

0 85 or 0 9 per cent NaCl 28 c c | 

Plasma 1 „ [ 

Calcium chhndn solution 1 ,, j 

and place in the incubator at 37° or 38° C for thirty minutes 1 
Insert a capillary pipette with sealed tip or a slender glass rod with a 
pointed end, and whip gently , the fibnn initially a jelly, contracts 
enormously and adheres to the rod Filter, and just before comple 
tion of filtration inspect carefully, and if necessary pick up on the 
rod any bits of fibnn which became detached m the original whipping 
process Gnp the fibrin in a dry folded filter paper and slip it off tho 
rod Then press the clot in the paper to absorb adherent fluid aa 
thoroughly as possible Transfer the clot to the digestion tube, 
together with about 1 c c of water * 

For Albumin -j- Globulin (Albumin N 4* Globulin N +NPN) 

1 Oecaa onally *10 minutes aro not enough and tho mixture may have to b© left 
lor an hour or even overnight for a gel to be formed 
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Use 3 c c of the filtrate obtained in the above separation of fibrin, 
for the digestion (3 c c of filtrate = 0 1 c c plasma) 

For Albumin (Albumin N +NPN) treat a mixture of 0 5 c c 
plasma, 15 c c of solution and a thymol crystal exactly as 

described m the previous section for serum 

Globulins are calculated by difference Globulin N = (Albumin 
N + Globulin N + N P N )— (Albumin N +NPN) 

For N P N proceed as described on p 354, or allow for as 
explained below 

(3) The Digestion 

The quantity of diluted serum, or of filtrate from serum or 
plasma, or of fibrin a3 indicated in sections (1) and (2) above, is 
placed in a Pyrex tube 8 m X 1 m Add 1 c c of the acid digestion 
mixture, and a glass bead if desired 

Heat over a micro burner until charring begins and definite 
white fumes appear , this often occurs when the volume has been 
reduced to about one third But if the volume gets very low beforo 
white fumes appear, add about 1 c c of warm water and continue 
the heatmg until there are white fumes Allow the tube to cool 
considerably and add 1 gm of solid potassium persulphate and 1 c c 
of water Heat again until the contents of the tube are qiute clear 
(generally about fifteen minutes) Cool and wash mto the micro- 
Kjcldahl flask with three portions each of about 3 c c of water 
through inlet C m the figure on p 355 

(4) Micro-Kjeldahl Distillation and Titration 

Place 10 c c of 0 01 N H 2 S0 4 and a few drops of methyl red 
solution (0 02 to 0 05 per cent m 60 per cent alcohol) in the comcal 
flask receiver which place in position with the tip of the delivery 
tube under the acid • 

See that steam is being generated from the boiler Add, through 
C, 10 c c of 40 per cent NaOH, and steam distil for at least ten 
minutes Lower the receiver, wash the tip of the delivery tube with 
distilled water, and contmue the distillation for another two minutes 
to wash the inside of the delivery tube Titrate the distillate with 
0 01 N caustic soda 

N N N 

[The acid and alkali may be — , — or as preferred ] 

(5) Apparatus and Blanks 

The apparatus is a modification of Pregl’s and has been fully 
described on p 355 The methods of preparing it, using it and 
emptying it have also been described (p 356) 

It is advisable to carry out the appropriate blank just before (or 
just after) each test, water being substituted for serum or plasma , 
thus 1 c c of a mixture of 0 5 c c water plus 4 5 c c of physiological 
saline (or I c c of the saline) is used in the blank for serum total 
protein, and 5 c c of 22 per cent Na 2 S0 4 in the blanks for serum or 
plasma albumin, and so on The digestion with the sulphuric- 
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phosphoric mixture and persulphate must be carried out just as m 
the test proper Blank testa are essential, and must never be 
omitted They should not exceed 10 — 9 75 or 0 25 c c of G 01 N 
alkali 

(0) Note on Allowance for N P.N. 

Naturally it is best actually to estimate the NPN In routine 
work, however, when 6peed is important, an allowance may be made 
for the NPN without introducing a senotis error If from the 
clinical exammation, including routine urinary tests it is concluded 
that there is no likelihood of a condition which might cause mtro 
genous retention, the average normal NPN, viz , 25 mgm per 
100 c c of serum or plasma, may be utilised If the blood urea has 
been estimated recently, that may be used for computing the NPN 
as follows — 

Blood urea Factor for converting blood urea 

( uhole blood plasma or serum) into plasma NPN 


up to 50 

09 

51 to 100 

08 

101 to 150 

0 7 

161 to 200 

06 

201 and over 

0 55 


(7) Example of Calculations for Serum 

For Total Protein (Albumin N + Globulin N -f NPN) The 
NPN (see p 354) was 60 mgm per 100 c c The blank was 
10 — 9 S c c or 0 2 c o of 0 01 N alkah The equivalent of 0 1 c c 
serum (see p 371) was employed 10 c c of 0 01 N H 2 S0 4 was used 
to catch the ammonia, and 2 6 c c of 0 01 N NaOH were required 
to neutralise the excess acid Smce 1,000 c c of 1 0 N H 2 S0 4 
correspond to 14 gm of ammonia nitrogen, 

1 c c of 0 01 N H 2 S0 4 corresponds to 0 14 mgm of N 
(c/ p 357) 

The acid neutralised by the ammonia from 0 1 c c of serum 
was therefore 10 — 26 — 0 2, or 7 2 c c 0 01N 

The nitrogen from 0 1 c c of serum was therefore 7 2 x 0 14, 
or 1 008 mgm 

100 c c of serum therefore contained 1 008 x 1,000 mgm of N 
or 1 008 gm of N But the N P .N accounted for 0 060 gm of this 
The protein N therefore amounted to 1 008 — 0 060, or 0 948 gm 
per cent 

The total protein was therefore 0 948 X 6 25, or 5 93 per cent 
For Albumin (Albumin N + N P.N ) The NPN was 60 mgm 
per 100 c c and the blank on 5ce of 22 per cent Na 2 S0 4 was 

10 — 9 S, or 0 2 c c of 0 01 N alkah The equivalent of ^ c c of 

serum (see p 371) was employed, 10 c c of 0 01 N H 2 S0 4 were put 
in the receiver, and the hack-titration was34cc ofOOlN NaOH 
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The acid neutralised by the ammonia was therefore 10 — 34 — 
0 2 or 6 4 c c of 0 01 N 

The nitrogen from ^-ce of serum was therefore 6 4 X 0 14, 
or 0 896 mem 

31 

100 c c of serum therefore contained 0 896 x X 100 mgm , 

or 0 556 gm of N But the N P .N accounted for 0 060 gm of this 
The albumin N therefore amounted to 0 556 — 0 060, or 0 496 gm 
The albumin was therefore 0 496 x 6 25, or 3 10 per cent 
The Globulins, by difference, therefore equalled 5 93 — 3 10, or 
2 83 per cent 

Albumin 3 10 per cent 

Globulins 2 S3 ,, 

Total proteins 5 93 „ 


(8) Example of Calculations for Plasma 

For Fibrinogen The blank on 1 c c of water was 0 15 c c of 
0 01 N {10 — 9 85 c c ) The fibnn waB obtained from 1 c c of 
plasma (p 371), 10 c c of 0 01 N H 2 S0 4 were put m the receiver, 
and the back titration was 6 2 c c of 0 01 N NaOH 

The acid neutralised by the ammonia was therefore 10 — 62 — 
0 16 = 3 65 c c of 0 01 N 

1 c c of plasma* therefore yielded 3 65 x 0 14 or 0 511 mgm of 
fibnn N 

100 c c of plasma therefore contained 51 1 X 6 25 mgm , or 
0 32 gm of fibrin 

For Albumin -f Globulin (Albumin N + Globulin N -fN P-N ) 
The blood urea was 47, from which the N PJN was calculated as 
42 mgm per 100 c c (see p 373) The blank on 3 c c of a mixture 
of 28 c c of physiological saline, 1 c c of water and 1 c c of calcium 
chlonde solution was 10 — 9 8, or 0 2 c c of 0 01 N The 3 c c of 
fibnn filtrate is equivalent to 0 1 c c of plasma, and 10 c c of 
0 01 N and were used, the back titration being 2 1 c c of 0 01 N 
NaOH 

The acid neutralised by the ammonia was therefore 10 — 2 1 — 

0 2 = 77 c c of 0 01 N 

The mtrogen from 01 cc of plasma was therefore 7 7 X 0 14, 
or 1 078 mgm 

100 c c of plasma therefore contained 1 078 x 1,000 mgm , or 

1 078 gm of N , from which must be deducted the 0 042 gm of 
NPN 

The albumin N -f- globulin N was therefore 1 078 — 0 042 or 
1 036 gm per cent * 

The albumin -f globulin was therefore 1 036 X 6 25, or C 48 per 
cent 

For Albumin (Albumin N +NPN) The calculated NPN 



BLOOD ANALYSIS 


37 5 


w as 42 mgm , as above The blank, on 5 c e of 22 per cent Na 2 S0 4 
* 5 

was 10 — 9 8, or 0 2 c c of 0 01 N The equivalent of c c 

plasma (see p 372) was employed, 10 c c of 0 01 N H 2 S0 4 were 
put m the receiver, and the back titration was 20 cc of 0 01 N 
NaOH 

The acid neutralised by the ammonia was therefore 20 — 2 0 — 
0 2, or7 8cc ofOOlN 

5 

The nitrogen from ~cc of plasma was therefore 7 8x0 14, 
or 1 092 mgm 

31 

100 c c of plasma therefore contained 1 092 x -jr X 100 mgm , 

or 0 677 gm of N , from which has to be subtracted the 0 042 per 
cent of N P N The albumin N therefore amounted to 0 677 — 
0 042, or 0 635 gm , and hence the albumm was 0 635 x 6 25, or 
3 97 per cent 

The Globulins, by difference, therefore equalled G 48 — 3 97, or 
2 51 per cent 


Fibrinogen • 
Albumm 
Globulins 
Total proteins 


0 32 per cent 
3 97 

2 51 „ 

6 80 


The Biuret Method 

The following description is for use with the permanent glass 
standards and Lovibond comparator supplied by Messrs The 
Tintometer Ltd or Messrs The British Drug Houses Ltd (for 
illustration of comparator, see p 296) This particular technique 
is selected because it is so useful in routine clinical work, but the 
description applies equally well if Fine’s diluted serum containing 
0 24 per cent protein, or Hiller’s pure biuret solution be used as the 
standard, comparison between standard and unknown bemg made 
in a colorimeter Naturally the colorimeter gives a little more 
p&eetsien: then the eemp&r&ter, end the epprepnste csleidet/ens 
have to be introduced The comparator technique with the same 
coloured glasses may be used also for proteins in urme (p 35), m 
cerebrospinal fluid (p 406), in milk (p 419) and in ascitic fluids 
(p 411) The glasses are m two discs, labelled 20 to 180 and 200 to 
3G0 mgm respectively (steps of 20 mgm ), which give direct readings 
for total protein of urme and cerebrospinal fluid, but which have to 
be multiplied by factors (see below) in serum or plasma estimations 
Principle As for urinary proteins (see p 36) In the differential 
estimation in serum, globulins are precipitated by half saturation 
with ammonium sulphate, and the albumm is estimated in the 
filtrate bj the bmret technique In plasma fibnnogen is precipitated 
with the globulins, so that again the estimation on the filtrate gives 
albumm , fibrin (ogen) is determined separately after xecalcifi cation 



376 


CHAPTER XIX 


of plasma In both serum and plasma the globulins are calculated 
by difference Howe’s method of fractionation with 22 per cent 
sodium sulphate ( cf p 369) may be used instead of ammonium 
sulphate but it is more tedious and sometimes gives different 
results {cf Fine and footnote p 369) 

The glass standards were prepared as described for urinary 
proteins (see p 36) 

Reagents and Centrifuge Tubes The tubes, the trichloracetic 
acid sodium hydroxide copper sulphate and saturated ammonium 
sulphate solutions are described under urinary proteins (see p 37) 
27 79 per cent ammonium sulphate solution (A R ) 

0 85 per cent sodium chloride solution 

Calcium chloride solution , 2 5 gm of anhydrous CaCl 2 or 5 gm 
of crystalline CaCl 2 6H a O m water to 100 c c 

Technique for Total Protein in Serum (Albumin -)- Globulin), or 
in Plasma (Albumin + Globulin -f- Fibrinogen) Mix in a graduated 
centrifuge tube by inverting repeatedly, but without vigorous 
shaking lest some precipitate become entangled in froth, and be 
not thrown down when centrifuged 

Serum or plasma 0 2 c c 

Water * 4 8,, 

10 per cent trichloracetic acid 5 0 „ 

Allow to stand for a few minutes until the precipitate clumps 
Centrifuge thoroughly and decant the supernatant fluid as completely 
as possible by inverting the tube carefully and wiping the mouth 
with filter paper 

Add to the precipitate 1 or 2 c c of water and 1 c c of 30 per 
cent NaOH , shake till the protein has dissolved 

Add Ice of 5 per cent crystalline copper sulphate solution, 
and water to exactly 10 c c Mix thoroughly for at least one minute, 
and centrifuge well until all the precipitate of cuprous hydroxide 
has been thrown down 

Transfer the clear supernatant fluid to a comparator tube, winch 
place m the right hand recess of the comparator Match against 
the glasses in the disc (200 to 360 mgm disc as a rule) 

Total protein == reading x 25 mgm per 100 c c 

= reading X = rel *; ? mg gm per 100 c c 

Technique for Separate Determination of Albumin in Serum or 
Plasma Mix in a test tube 

Serum or plasma 0 5 c c 

27 79 per cent ammonium sulphate 9 5 „ 

Filter through two thicknesses of No 44 Whatman filter paper, 
and, if necessary, refilter till clear • 

Place 5 c c of the filtrate (= 0 25 c c of serum or plasma) in a 
graduated centrifuge tube, continue exactly as for total protein 
and read in the comparator 
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Albumin — reading X 20 mgm per 100 c e 

. 20 reading 

= reading X gm per 100 c o 

Technique for Fibrinogen of Plasma Mix in a boiling tube or 
small beaker 

0 85 per cent Nad 28 c c 

Plasma 1 „ 

Calcium chloride solution (see Reagents) 1 „ 

and continue as described on p 371 in order to separate and press 
the clot in a folded filter paper Transfer the clot to a graduated 
centrifuge tube 

Add l or 2 c c of water and 1 c c of 30 per cent NaOH, t and 
place in a boiling water bath until solution is complete Cool. 
Add 1 c c of 5 per cent CuS0 4 solution and w ater to exactly 10 c c 
Mix for one minute centnfuge transfer the supernatant fluid to 
the comparator, and read 

Fibnn(ogen) = reading x 5 mgm per 100 c c 

- * jjoo = W 5 gm per 100 0 0 

Calculation of Globulin For serum globulin = total protein — 
albumin For plasma globulin = total protein — albumin — 
fibnn(ogen) 

Remarks It is important to avoid contamination by ammonia 
of the laboratory atmosphere, and to remove as completely as 
possible the supernatant fluid in the differential estimations, as 
explained under urinary proteins (see p 38) 
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SODIUM 

The sodium of the blood is in the plasma, there being little or 
none within the red cells Potassium, on the other hand, is mainly 
intracellular in both blood and tissues For normal values seep 336 

Sodium determinations have become of clinical interest and 
importance since Loeb’a demonstration that the blood-sodium is 
often lowered in Addison’s disease It has been suggested that the 
suprarenals are important m controlling the sodium, just as the 
parathyroids are in controlling the calcium of the blood This new 
view throws stress on the sodium itself, whereas previously attention 
was focussed on the chlonde and bicarbonate, and their relative 
proportions, and the sodium with winch they are almost exclusively 
combined was seldom considered In clinical work serum is nearly 
always used for the estimation 

The serum sodium is low, down to 250 mgm per 100 c c and 
occasionally less, in the acute crises of Addison’s disease, but m 
the chrome phases it is often only slightly depressed and may be 
within the range of health The test is therefore of only limited 
value as an aid to diagnosis In Addison’s disease the low sodium 
is accompanied by a raised potassium content of the serum and 
generally also by a rise in the blood urea (cf Allott) 

The lowering of the serum sodium is caused by excessive excretion 
of sodium salts in the urrne, due to the deficiency of the internal 
secretion of the adrenal cortex Suitable doses of cortical extract 
will correct the deficiency, but the extract at present is expensive, 
so treatment by sodium chlonde and other salts of sodium lias been 
extensively employed with the idea of compensating to some 
degree the increased excretion by an increased intake of salt 
Patients have been improved considerably by sodium chlonde, but 
few can tolerate more than 10 gm daily (cf Graham), and this 
treatment has allowed the cortical extract to be reduced or stopped 
altogether for some time Estimations of serum sodium are useful 
id Sohewmg the effects e£ tre&trsent 

Though in clinical work Addison’s is the disease in which 
estimations of the serum sodium are most often requested, a fall 
in the sodium may occur in many other conditions, e g , intestinal 
obstruction, acute gastro ententis, diabetic coma, severe sweating 
if water intake is unrestricted (miners’ cramp), etc The 
concentration of sodium in the blood is associated intimately with 
that of chlonde, bicarbonate And water, and in disease not only is 
team work required to undertake all the necessary analyses, but 
when the analyses are completed it is often difficult to disentangle 
the possible effects of complicating factors, such as acidosis, alkalosis, 
“ partial starvation,” anaamia, hyperglycremia, and so on McCance 
has given a masterly review of this complicated subject, and has 
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studied experimental salt deficiency in normal man under controlled 
conditions 


Colorimetric Determination of Serum Sodium 
(Modification of method of McCance and Shipp, omitting removal 
of phosphate, which is insignificant in serum ) 

Principle. The proteins are precipitated by trichloracetic acid 
The sodium in an aliquot part of the supernatant fluid is precipitated 
as sodium zmc tiranyl acetate (“ triple acetate ”) The precipitate 
is washed and treated with potassium ferrocyamde solution The 
resulting plum red colour {due to uranyl ferrocyamde) is compared 
in a colorimeter with a standard NaCl solution which has been 
treated similarly and simultaneously 

Special Reagents Alcoholic zinc uranyl acetate solution saturated 
mth “ triple acetate ” Dissolve 50 gm of uranyl acetate 
(U0 2 (CH 3 C00) 2 2H a O) in 250 c c of boiling 4 per cent v/v acetic 
acid Dissolve 150 gm of zmc acetate, Zn(CH 3 COO) 2 2H 2 0 in 
250 e c of boiling 2 per cent v/v acetiP acid Mix the two solutions 
whilst boiling Bring the mixture just to the boil again Stand 
overnight and filter if necessary To the filtrate add an equal volume 
of absolute alcohol Stand for forty eight hours at 0° C , filter, and 
then store at 0° C in a glass stoppered bottle until required, and 
filter or centrifuge enough for the test(s) just before use to remove 
suspended sodium zmc uranyl acetate 

There is usually sufficient sodium salt as impurity in the solution 
of acetates to yield more than enough “ triple acetate ” to saturate 
the reagent If not, triple acetate must be added to saturate 

Ninety file per cent alcohol saturated with “ triple acetate ” Add 
about 50 c c of the above alcoholic zinc uranyl acetate solution to 
about 100 c c of saturated NaCl in 50 per cent alcohol Allow to 
stand Decant most of the supernatant fluid Centrifuge and wash 
the yellow precipitate of triple acetate thoroughly with 95 per cent 
alcohol Suspend the washed precipitate in 95 per cent alcohol, 
transfer to a glass stoppered bottle with more of the alcohol to a 
total of about 600 c c Shake thoroughly and store at 0° C There 
must always be a precipitate of excess trrpi’e acetate at the bottom 
of the bottle Centrifuge or filter enough for the test(s) just before 
use 

Stocl NaCl, 0 S9 per cent (=s 0 35 per cent Na) made from pure 
dry analytical reagent 

Standard NaCl, 0 178 per cent (s: 007 per cent Na) prepared 
from the stock NaCl by diluting 5 c c with water to 25 c c 
Therefore 1 c c of standard solution s07 mgm of Na 
Technique Mix in a centrifuge tube 

( Serum 1 c c 

Water 3 „ 

20 per cent trichloracetic acid A R 1 „ 

Centrifuge or filter 
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In another centnfuge tube mix 

( Supernatant fluid or filtrate . Ice 

(se 0 2 c c of serum) 

Alcoholic zinc uranyl solution . . 10 ,, 

Stir with a sealed capillary pipette until the j ellow precipitate of 
sodium zinc uranyl acetate forma Stand at 0° C for one hour 
Centrifuge well and dram off the supernatant fluid completely by 
inverting and wiping the mouth of the tube with filter paper 
Shake the precipitate with 5 c c of 95 per cent alcohol saturated 
with triple acetate Centnfuge and dram completely 

Add about 3 c c of distilled water and Bhahe until solution is 
complete Transfer quantitatively with more water to a 250 c c 
volumetnc flask Add 1 drop of glacial acetic acid, 0 5 c c of 20 per 
cent potassium ferrocyamde solution and water to the 250 c c 
mark Mix and allow to stand for three minutes 

Compare in the colorimeter with 1 c c of standard NaCl solution 
(=0 7 mgm Na) which haS/been treated in parallel with 10 c c of 
alcohol zinc uranyl solution and subsequently m the same way as 
the unknown 

Calculation Let S and U mm be the depth of the standard 
and unknown respectively The standard contains 0 7 mgm Ha 
The unknown was prepared from the equivalent of 0 2 c c of serum 

Therefore Na in 0 2 c c of serum — ^ X 0 7 mgm 
and 100 c c of serum contain-^ X 0 7 X 

i e , serum sodium = ^ X 350 mgm per 100 c c 

Blank Take 0 5 c c of the standard NaCI solution (= 0 35 mgm 
Na) and 1 0 c c (= 0 7 mgm Na) and treat both as described above 
Set the more concentrated at 20 mm and match the more dilute 
against it , the reading of the latter should be 40 mm , if it is less 
than 40, one or more of the reagents contains Na as impurity 


Gravimetric Determination of Serum Sodium 
(Method of Butler and Tufhill, but substituting the alcoholic 
solution of zinc uranyl acetate described above in the colonmetnc 
method ) 

Principle The serum is digested with sulphuric and nitric acids 
to destroy organic matter The sodium m the digest is precipitated 
as sodium zinc uranyl acetate (“ triple acetate ”) The precipitate 
is filtered off m a Jena filter crucible, washed, dried and weighed 
Special Reagents These are the same as described for the 
colonmetnc method (p 379), viz , alcoholic zinc uranyl solution 
saturated with triple acetate, and 95 per cent alcohol saturated with 
triple acetate, but are kept at room temperature 
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Technique. In a Pyrex tube {200 X 25 mm ) mix 
/ Serum ' 1 c c 

) 4 N 1 1 „ 

j Concentrated HN0 S 0 5 „ 

^ A small quartz crystal, or a Pyrex glass bead 
Digest until charring appears, when remove the flame and add 
carefully down the side of the tube 3 or 4 drops of concentrated 
HN0 3 or of superoxol Digest again If the solution does not clear, 
repeat the addition of HN0 3 , or of H 2 0 2 , and the heating When 
the solution has cleared, heat for a further five to ten minutes 
Cool and add 4 or 5 drops of water Pour into about 15 c c of 
alcohohc zinc uranyl acetate solution m a weighed Jena glass filter 
crucible (Fig 68} 

A suitable Jena glass filter crucible is size No 2 with a capacity cf 30 c c and 
a porosity 10 4 It is cleaned and dried with alcohol and ether, applying auction , 
it is put in a desiccator for half an hour and then weighed 

A solid rubber bung is inserted into the crucible from below , this prevents any 
solution passing through the filter and serves as a footpiece (Fig fi8, b) 

Rinse the pyrex tube with three portions each of 0 5 cc of 
water, and then with two portions each of 3 c c of the alcoholic 
zinc uranyl solution transferring to the filter crucible 

Stir the contents of the crucible with a sealed capillary pipette 
until the yellow precipitate of triple acetate appears, and continue 
stirring for a further period of about five minutes 

Wash the stirrer with 3 c c of the alcoholic zinc uranyl solution 
as it is withdrawn Cover the filter with a watch glass (Fig 68, b) 
and set aside for one hour at room temperature 



Fia <38 Jena glass filter crucible a Plain crucible b. Rubber bung 
inserted from below e Fitted in rubber collar in suction flask. 

1 An approximately 4N solution may be prepared by diluting 28 c c of con 
v ceatrated 21*80* with water to 250 c c 
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Remove the rubber bung, place the filter in a rubber collar in a 
suction flask and apply suction (Fig. 68, c). Wash the precipitate 
with five portions each of 2 c.c. of 95 per cent, alcohol saturated 
with triple acetate, being careful to wash the sides of the filter. 

Wash with two portions each of 5 c.c. of ether, suck dry, desiccate 
for half an hour and weigh. 

Blank. Perform a blank test in parallel, using 1 c.c. of water 
instead of serum. 

Calculation. 

Na — > (U0 2 ) 3 Zn .Na(CH 3 COO) B . 6H 2 0 ' 

23 mgm. of Na yield 1,537 -mgm. of triple acetate precipitate. 
* 23 

Therefore 1 mgm. of precipitate is derived from ^ mgm. of Na. 
Hence 1 c.c. of serum contains sodium to the extent of 
23 

(serum precipitate — blank precipitate) 

and 100 c.c. of serum contain (serum precipitate — blank 

precipitate) mgm. of Na. 

Wherefore the serum sodium equals 1*495 (serum precipitate — 
blank precipitate) mgm. per 100 c.c. 

Example of Calculation. Precipitate from 1 c.c. of serum = 
225 mgm., and from 1 c.c. of water (blank test) = 5 mgm. The 
serum sodium was therefore 1*495 (225 — 5), or 329 mgm. per 
100 c.c. 

Note Weinbach (J. Biol. Chem., 1935, 110, 95) has described 
a micro-modification of the above method (0*1 c.c. of serum), in 
which the triple acetate precipitate is dissolved in water and 
titrated with 0 02N. sodium hydroxide and phenolphthalein instead 
of being weighed. 
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SUGAR (see Chapter VII) 


UREA 

Methods of estimating blood urea have been given in Chapter V, 
where also the findings m renal and many other diseases, and in 
health, have been discussed The conditions in which the urea 
content is raised or lowered, however, may conveniently be 
summarised 

Blood Urea Low Blood Urea High 

Pregnancy Chrome nephntis (later stages) 

Nephrosis (some cases) Renal infantilism 

Bilateral congenital cystic kidneys 
Mercury (bichloride) poisoning and lead 
poisoning (some cases) 

Acute nephritis (some cases) 

Gross obstruction in urinary tract 
(Enlarged prostate Surgical kidney 
due to stone, etc ) 

Gross destruction of kidneys (Tuber 
culosis Stone New growth, etc ) 
Severe bilateral pychtis, pyelonephritis, 
hydronephrosis, pyonephrosis, etc 
Severe anhydnemia (Infective diarrhoea 
of infants Cholera Extensive bums 
Pulmonary cedema, e g , war gas 
poisoning, etc ) 

Failing circulation (Severe cardiac 
disease Terminal stage ef many 
diseases ) 

Due to gross loss of chlorides (Severe 
vomiting and/or diarrhoea Intestinal 
obstruction Pyloric obstruction 
Diabetic coma (some cases) Severe 
bums Infantile diarrhoea Cholera, 
etc ) 

In severe hccmatemcsis and melama 

The importance of estimating the concentration of urea in the 
urine, as well as in the blood, m attempting to differentiate those 
cases in which a raised blood urea is not due to a renal lesion, lias 
already been discussed in Chapter V Tiie increase in the blood 
aure is readily explained when there is gross renal damage or a 
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gross obstruction of the urinary tract, but in some diseases more 
than one factor may be responsible for the high blood urea, and 
it is not always possible to assess the relative importance of the 
different factors, or even to decide to what extent renal or non 
renal influences axe responsible Thus in infantile diarrhcea a 
raised blood urea might be due to the anhydraemia resulting from 
a loss of fluids by vomiting and diarrhoea, or due to a loss of chlorides 
from the same causes, with a resulting disturbance of the distribution 
of electrolytes and a compensatory retention of non protein 
mtrogenous bodies, or due (m part) to damage of the kidneys by 
the action of circulating toxins If the urine contams no protein 
and nothmg abnormal in the centrifuged deposit, the kidneys 
can be exonerated, but if the urine is not natural it may be difficult 
or impossible to assess the importance and extent of renal damage 
Stress has been laid at different times and m varying degree on 
each of the three possible factors The Bame or similar difficulties 
are encountered in certain cases of intestinal obstruction, general 
peritonitis, diabetes melhtus, lobar pneumonia, extensive bums, etc 
In pregnancy — particularly in the later months — the blood urea 
falls to a level a little lower than that m existence before and after 
this state so that a value exceeding 40 mgm per 100 c c during 
pregnancy is definitely pathological 

A rise in the blood urea of patients with hfematemesis and melscna 
has been recorded by several observers and it is generally agreed 
that the higher the blood urea the more severe is the hiemorrbage 
Witts ( Brit Med J 1937, i , 847) concludes that with a blood urea 
above 75 mgm per 100 c c the haemorrhage is likely to have been 
severe, and finds the estimation particularly useful in the first few 
days The cause of the nse is not known definitely, but Witts 
suggests that it is due to a depression of renal function, owing to 
the fall in blood volume and in blood flow through the kidneys 
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URIC ACID 

Historically it xs interesting that uric acid was the first blood 
analysis ever attempted Sir A B Garrod m 1848 published the 
figures of the quantities of uric acid or of urates he obtained from 
the relatively large volumes of blood which were available, bleeding 
still bemg widely practised m his days It is remarkable how close 
were his results to those obtained by modem methods 

The normal values are given on p 336 The findings m renal 
disease have been discu'ised m Chapter V, where also was mentioned 
the shght nse which occurs during the first three or four days of 
life In leukscmia the blood unc acid rises presumably due to 
increased formation, associated with the increase of white blood 
corpuscles Values of the order of 10 mgm per 100 c c have been 
reported in. this disease 

The destruction of the nuclei of normoblasts seems to be the 
chief source of endogenous unc acid m health The blood uric acid 
rises for two or three days daring the successful treatment of 
pernicious ancemia with liver, this occurs before the reticulocyte 
response, and the extra unc acid is not derived from the liver 
extract (see Witts for references) Lennox has shown that the blood 
unc acid is raised by fastmg for forty eight hours or more, but this 
is seldom of clinical importance 

Estimations of uric acid are most frequently made in gout or 
suspected gout, and are often very useful Several points, however, 
must be remembered in interpreting the results In gout the values 
rarely, if ever, exceed 10 mgm per 100 c c , whereas in advanced 
chronic interstitial nephritis figures as high as 20 mgm have been 
recorded Moreover, m lesser grades of renal damage of man) 
kinds, values of the same order as commonly encountered in gout 
(5 to 9 mgm ) are frequently met with, when there is nitrogen 
retention Chronic nephritis may coexist with gout or with other 
arthritic diseases, and more especially in the elderly subjects in 
whom the diagnosis between gout and other articular lesions 
common!) arises A blood unc acid within normal limits does not 
exclude the diagnosis of gout There is often a shght nse (of the 
order of 1 mgm ) during the gouty attacks, but, as a rule, the 
increase is not striking, so that little help is obtained by waiting 
for an attack before taking blood for analysis In non gouty 
arthritis, unaccompanied by nephritis, the blood unc acid is usually 
normal, though, judging from the literature, it is unwise to conclude 
that hyperuncssima (m the absence of kidney disease) necessarily 
proves that the artlintis is due to gout 

To summarise, hyperuncscnua occurs in the nitrogen retention 
of renal diseases, in gout (most cases), in non gout) arthritis (rel- 
eases), and in leuhmmia To this list should be added eclampsia 
(some cases) and pneumonia (some cases) 
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Finally, the estimations are of value in following the effects of 
the treatment of gout by certain drugs (e g , phenyl cinchomnic acid 
(atophan, phenoqum, or cmchophen), salicylates, aspirin, etc ) which 
cause an increase m the urinary output of uric acid and a lou enng 
of the uric acid of the blood Colchicum has no influence on the 
excretion of unc acid in the urine 

Technical 

Most modern methods are modifications of Polin and Denis’s 
origmal method, and the majority are published in the Journal of 
Biological Chemistry, and are discussed critically m Peters and Van 
Slyke’s second volume The method described below is essentially 
that of Tolm (see Folin and Trimble) , the writer has not had 
sufficient experience of Folin’s final technique (Folin, 1933) to feel 
justified at present in adopting it as a routine 

Principle The proteins of a known volume of blood are 
precipitated by sodium tungstate and sulphuric acid An aliquot 
part of the protein free filtrate is treated with pkosphotungstic 
acid and sodium cyanide under prescribed conditions, and the 
resulting blue colour, due to reduction of phosphotungstic acid bj 
uric acid is compared in a colorimeter with that of a standard 
solution of uric acid similarly treated 
^ Reagents (1) Unc Acid Reagent In a 500 c c flask place 
50 c c of 89 per cent w/w phosphoric acid, S G 1 75, and 160 c c of 
distilled water Heat, and when boiling add 100 gm of pure sodium 
tungstate Na 2 W0 4 2H z O Boil gently for one hour, placing a 
funnel in the mouth of the flask to act as a condenser 

Into a 1,000 c c beaker transfer 25 gm of lithium carbonate, 
50 c c of 89 per cent phosphoric acid, and 200 c c of distilled 
, water Boil off the carbon dioxide and cool 

Mix the two solutions and dilute to 1 000 c c 
(2) Sodium Cyanide Solution Fifteen per cent sodium cyanide 
in 0 1 N sodium hydroxide This keeps for about a month It is 
very poisonous and should be measured from a burette 
r (3) Uric Acid Stock Solution Transfer 100 mgra of pure uric 
acid to a clean 100 c c beaker Dissolve 50 mgin of lithium 
carhonafft ul 2/1 c. e of watax w. a. WIkuj vx ta&kgx , hsafc 

to 60° or 70° C , and pour this warm alkali on to the unc acid 
Stir until the unc acid is completely dissolved Add 5 c c of 40 per 
cent formaldehyde, and 1 c c of 50 per cent acetic acid Mix and 
transfer quantitatively to a 100 c c volumetnc flask Make up to 
volume, mix and transfer to a glass stoppered bottle One c c 
contains 1 mgm of unc acid 

(4) Unc Acid Standard Transfer 1 c c of the uric acid stock 
solution to a 250 c c volumetnc flask Half fill the flask with 
water Add 10 c c of 2/3 N sulphuric acid, and 1 c c (but no 
more) of 40 per cent formaldehyde Dilute to the mark with water, 
mix and date This solution should keep for at least one month 
Five c c contain 0 02 mgra of unc acid 

(5) Forty per cent Urea This is used to prevent turbidity in 
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the treated standard and unknown (cf Folio, J Biol Ckem , 2930, 
86, 179, and Rimington, Btochem J , 1930, 24, 1114) 

Technique. Venous blood is obtained in the usual way, and the 
proteins of whole blood, plasma or serum are precipitated with 
sodium tungstate and sulphuric acid as previously described (see 
p 332) If oxalate or citrate is used as anticoagulant, an excess 
should be avoided Taking whole blood as an example, mix 


Blood 2 c c 

Water 14 „ 

10 per cent sodium tungstate 2 „ 


and add 2 c c of 2/3 N sulphuric acid very slowly drop by drop with 
constant shaking, m order to avoid local zones of excessive acidity 
in which the unc acid might be precipitated, and adsorbed on to, or 
occluded m, the proteih precipitate Stand a few minutes until the 
precipitate clumps, and filter 

Two glass stoppered test tubes, or two Fohn’s sugar tubes 
(p 143), each graduated at 12 5 c c , are required In one (the 
“ unknown ”) place 5 c c of the protein free filtrate In the other 
(the “ standard ”) place 5 c c of the unc acid standard Add 2 c c 
of 40 per cent urea to each tube, then 2 c c of the cyanide solution, 
and finally 1 c c of the unc acid reagent Mix the contents of each 
and allow to stand at room temperature for two minutes Then place 
both tubes m a boiling water bath for 80 seconds Cool and dilute 
to the 12 5 c c mark with water 

Compare the colours of unknown and standard m the colorimeter 
without delay, smce fading may occur on standing 

Calculation Let S be the reading of the standard, and 17 of the 
unknown Let x be the mgm of unc acid m the 5 c c of protein free 
filtrate 

Smce the 5 c c of the unc acid standard solution employed 
contam 0 02 mgm of unc acid, 

iXD=SxO 02, 


or 


x 




0 02 mgm 


Smce 5 c c of protein free filtrate correspond to 0 5 c c of blood, 

g 

1 0 5 c c of blood cbntams ^ X 0 02 mgm of unc acid 

. S 0 02 f , 

1 „ „ „ -jj-jr- mgm of unc acid 

. 100 „ „ contain-^ X X 100 mgm of uric acid, 

or 4 X ^ mgm of unc acid 


The proportionality of colour is so good that readings covering a 
range of 2 to 8 mgm per 100 c c arc dependable Thus, if S is 
20 mm , and U falls anywhere between 10 and 40 mm , there is no 

is—* 
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need to prepare another standard the colour of which approximates 
to that of the unknown 

Blank Transfer 6 c c of water, 2 c c of the cyanide solution, 
and 1 c c of the uno acid reagent to a test tube Mix and allow 
to stand at room, temperature for two minutes The solution 
should remain colourless Heat in a boiling water bath for eighty 
seconds and cool Some colour is obtained To determine whether 
this colour does or does not materially affect the unc acid values m 
actual determinations perform tests with the uric acid standard 
solution as follows In one stoppered test tube graduated at 
12 5 c c place 5 c c of the unc acid standard solution In another 
similar tube place 3 c c of the uric acid standard solution and 2 c c 
of water To each add 2 c c of 40 per cent urea 2 c c of the 
cyanide solution and 1 c c of the unc acid reagent Mix and stand 
for two minutes Heat m the boiling water bath for eighty seconds 
Cool and dilute to 12 5 c c Compare m the colorimeter If the 
cyanide is perfectly good the more dilute unc acid solution will 
give the theoretical reading of 33 3 mm when the more concentrated 
uric acid solution is set at 20 mm 
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VOLUME OF WHOLE-BLOOD AND PLASMA 
There are two fairly trustworthy methods of determining the 
blood volumes of patients, the carbon monoxide method (Haldane 
and Smith) and the dye (vital red) method ( cf Keith et al ) The 
former gives results a little lower, the latter gives results a little 
higher than the actual blood volume, owing to transfusion of a 
portion Of the dye into the lymph Lmdeman has suggested a third 
method for cases of amemia Using the dye method, healthy adults 
have about 60 c c of plasma and about 83 c c of whole blood per 
kilogramme of body-weight The normal range of variation, 
expressed in different ways, is recorded on p 336 The jplasma 
volume is more constant than the whole blood volume (see table 
on p 390) In the obese the plasma volume per kilogramme of 
body weight is low For the values in infants and children, which 
reach the “ adult level ” at the age of four years, the reader is 
referred to a paper by Darrow el al Erlanger, and also Rowntree 
and Brown, give reviews of the subject, which is considered critically 
m excellent chapters in Peters and Van Slyke’s two volumes 

Estimations of the blood volume are important in studying 
hydnemia, an increase of the percentage of water in the blood, and 
anliydrjemia, a decrease of the water per cent An increase of 
water per cent may be due to the addition of water or to the 
retention of water, true hydrcemic plethora, or to a diminution of 
the percentage of solids in the blood, especially of the blood 
corpuscles or of the plasma proteins In true hydrscmic plethora 
the blood volume is increased, in hydrsenua c|ie to loss of solids 
the blood volume may be unaltered or even diminished 

Hcemoglobm determinations or estimations of the percentage of 
solids may be used as a rough measure of rapid changes in the 
blood volume over short periods, but such methods are not trust 
worthy over longer periods m which solids (e g , hzemoglobm 
(corpuscles) or plasma proteins) may have left the blood 

The mam diseases in which the whole blood volume is altered 
arc listed below — • 


Whole blood Volume Increased 
Polyc ythemi a 

N ephritis wi th oedem a (some 
cases) 


Whole blood Volume Decreased. 
Diabetic coma 
Aniemias 
Severe vomitmg 
Severe diarrhoea 
Cholera 

Infantile diarrhoea. 

Severe shock 
Severe bums 

Pulmonary oedema duo to war- 
gas poisoning 

Lobar pneumonia (some cases) 
Addison’s disease 
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The table below, giving Bock’s data for blood volume, is taken 
from Myers’ book 

Data an Blood Volume.. From BocL, parity Recalculated 


Condition. 

Nnmber 
of Cue* 

Total PImqa 
percent of 
Body weight 

Total Blood 
per cent of 
Body weight 

HtemogloWn 
Calculated 
from 0| Capa 
city per cent 

Bed Blood 
, Cells In mil 
Ilona par 

Normal 

5 

6 1 

82 

16 4 

48 

Polycythemia , 

3 

6*1 

13 7 

22 6 

. 9 1 

Pernicious 

anemia 

7 

49 

n 

68 

1 6 

Miscellaneous 

7 

49 

7*1 

10 9 

39 

Diabetes . 

8 

48 

7*3 

16 3 

46 
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CHEMICAL EXAMINATION OF THE 
CEREBROSPINAL FLUID 

Books The reader will find an excellent account m Greenfield and 
•Carmichael’s The Cerebrospinal Fluid m Clinical Diagnosis, together 
with references to other works 

Dana C L , and others, editors. The Human Cerebrospinal Fluid 
Vol IV of the publications of the Association for Research in Nervous 
and Mental Disease 

Kafka’s Die Zerebrospinalfiussigheit gives an extensive bibliography 

Katzenelbogen’s The Cerebrospinal Fluid and its Relation to the Blood 

The cerebrospinal fluid is examined as an extension of the 
clinical investigation of the nervous system, and also in certain 
general diseases, eg , syphilis Diseases which alter the chemistry 
of the blood often also alter the chemistry of the cerebrospinal 
fluid, e g , diabetes, lobar pneumonia and kidney disease Certain 
blood constituents, however, do not pass or do not readily pass 
into the cerebrospinal fluid It follows, therefore, that changes 
m the blood may not be reflected by corresponding changes m the 
cerebrospinal fluid Thus in recent jaundice bilirubin is generally 
absent from the fluid, but when the hyperbilirubmremia is of long 
standing the pigment may appear m the cerebrospinal fluid 

A complete examination of the cerebrospinal fluid includes the 
manometric measurement of the pressure, observation of the general 
appearance, the cytology, bacteriology and chemistry of the fluid, 
together with certain special reactions such as the ‘Wassermann test 
and Lange’s colloidal gold test In this book description should be 
limited to the chemistry, but in the table on p 394 notes on cell 
counts have been included for reference In looking into the 
literature and the records of the hospitals in which be has worked, 
the author has been struck by the incompleteness of the quantitative 
data In well equipped institutions, protein, chlorides, sugar and 
urea could readily be estimated m the majority of cases as a routine, 
and such analyses would lead to more accurate knowledge It is 
essential to remember that qualitative tests (eg , for protein and 
sugar) can only reveal with certainty gross departures from the 
normal By purely qualitative means an experienced worker may 
be able to detect less gross variations, but he cannot readily convince 
his clinical colleagues unless he works quantitatively Incidentally, 
quantitative analysis would probably reveal such overlapping of the 
ranges of variation in different conditions, that not a few of the 
current ideas as to the value of these tests in particular diseases 
would have to be modified 

WITHDRAWAL OF CEREBROSPINAL FLUID 

The cerebrospinal fluid may be withdrawn by lumbar, cisternal 
hr \ entncular puncture The technique of these operations is w ell 
described in many books (e g , m that of Greenfield and Carmichael) 
The only points requiring mention here are thoso which may 
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influence chemical analysis The greatest care should be taken to 
avoid contamination with blood If the needle has been kept in 
spint or carbolic acid it should be well rinsed m sterile physiological 
saline or sterile distilled water before use, because 
alcohol or phenol is apt to coagulate the proteins 
in the first portion of fluid passing through the- 
needle The lumbar puncture needle, with the 
stylet in st£u, can hold but the merest trace of 
water or saline, so that no appreciable dilution 
error is introduced mto the analysis The 
possibility of such an error, however, is entirely 
eliminated by dry sterilising the needle A 
convenient method is illustrated m Fig 69, and 
is exactly similar to that recommended for 
venepuncture needles (see Chapter XVII) It 
has the great advantage, too, that the needle is 
ready for immediate use, and can be carried ready 
sterilised to a distant house After use it is 
thoroughly washed out with water, and then 
placed m concentrated carbolic acid or other 
suitable disinfectant for an hour or more to avoid 
any possible risk to the next patient The 
disinfectant is washed out with distilled water , 
the needle is then rinsed with acetone to remove 
the water, placed in the tube, which is plugged 
with cotton wool, and sterilised, m the hot air 
oven The acetone vaporises, leaving the needle 
quite dry 

Fio 69 Lumbar Fluids obtained simultaneously from the three 
puncture needle B ites ventricular, cisternal and lumbar, have 
tube* 88 m special 8bghtly different compositions Thus normal 
ventricular fluid is practically free from protem 
and cells, and has a lower specific gravity than lumbar fluid The 
table shown below in illustration of the mam differences m 
sugar content, is taken from a paper by Chevassut Similar triple 
estimations of other ingredients would be valuable 

In the vast majority of patients fluid is obtamed from the lumbar 
region, and subsequent description is restricted to lumbar fluid 


Sugar (mgm per 100 c c ) 


Blood 

Ventricular Fluid 

Clateniil Fluid. 

Lumbar Fluid. 

200 

196 

112 

100 

195 

175 

150 

100 

175 

175 

100 

93 

148 

160 

100 

93 

143 

137 

100 

93 

125 

121 

93 

86 

112 

306 

86 

86 

106 

100 

86 

86 

100 

137 

93 

93 
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THE NORMAL FLUID 

The chief chemical characteristics of normal cerebrospinal fluid 
are tabulated below 



normal * 

Almond! 

Naked eye appearance . 

1 Clear 

Bright 

Colourless • 

No coagulum 

Turbid 

Dull 

Colourless or yellow (bill 
rubrn) 

May bo coagulum 

Pressure 



Total protein 

Globulin test 

10 to 35 mgm per 2 00 
cc 

Negative 

Above 35 mgm per 200 c c 

May be positive 

Sugar 

Qualitative test 

45 to 100 mgm per 100 
cc 

Positive 

1 Above 100 1 pBrJOOcc 

j Negative 

1 Strongly positive 

Chlonde3 
(as NaCl) 

700 to 760 mgm per 
100 c c 


Urea 

10 to 40 mgm per 100 
cc 

Above 40 mgm per 100 c c 


Estimations of other constituents have been made, but the 
results either need extension and confirmation, or are of httle 
value clinically Much, work (McChnce and Watchom, Herbert) 
has been done on the inorganic constituents and their concentrations 
relative to those m the blood serum, which is of great interest, the 
conclusion being reached that cerebrospinal fluid cannot be a simple 
filtrate from blood 

Ordinarily only the total protein is estimated A differential 
estimation of albumin and globulins (and fibrin) is a relatively 
complicated procedure, and, as yet, has not been applied much in 
clinical investigations Hewitt’s findings for normal fluid are, 
albumm about 20 mgm and globulin about 3 mgm per 100 c c , 
with a ratio of albumm to globulin of about 8 to 1 

Both Sugar and urea are of sbghtly lower concentration in the 
lumbar fluid than in the blood, whereas chlorides are distinctly 
higher m the fluid 


PATHOLOGICAL VARIATIONS 

The table on pp 394 to 398 summarises the. results obtained in 
different diseases Tins has been compiled in tho mam from the 
book by Greenfield and Carmichael, to which the reader is referred 
for fuller details (sec also Carmichael, and Greenfield, 192S) 
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Changes m pressure are of limited value The pressure of the 
fluid depends on the intracranial venous pressure An increase, 
therefore, is extremely common cj, in cerebral tumour, cerebral 
haemorrhage, meningitis etc A decrease is met -with when the 
fluid in the lumbar theca is not m free communication with that 
in the cranium, eg , in spmal tumour, Pott’s disease, etc A gross 
increase m pressure is obviously present when the fluid really 
spurts out of the needle, but owing to variations in the size of needle, 
the risk of blacking the lumen, and so on, the only safe method is 
to measure the pressure with a manometer, the patient being 
horizontal 

Turbidity is usually due to increase in cells, or cells plus organisms 
Rarely it is due almost entirely to bacteria The cells may reach 
2 00 or 300 per emm before the fluid is definitely opalescent 
Sometimes the turbidity is due to small quantities of blood The 
slight pinkish tmge may lead to its detection, and the presence of 
blood will be obvious from the colour of the sediment after centnfug 
ing If the presence of blood, and opalescence due to traces of 
alcohol or carbolic acid m the needle can be excluded it may safely 
be said that turbidity is always pathological 

A fibrin coagulum is the most delicate index of the presence of 
fibnnogen A fine fibrin web may not be noted, either because the 
examination is made too soon, or because the fluid is shaken up 
too much A few cubic centimetres of the fluid should be put on 
one side, whilst the cells are counted, so as to see whether a fibrin 
web will form After removal of the clot this fluid is used for 
chemical examination A coagulum nearly always forms if the 
protein exceeds 1 00 m gm It may form when the amount of total 
protein is less than 100 mgm In suspected tuberculous meningitis 
the fibrin web should always be carefully examined for tubercle 
bacilli In some cases no coagulum is formed, in spite of the presence 
of fibnnogen, owing to the absence of fibrin ferment Clotting will 
occur if a drop of fresh serum is added and the fluid is incubated 
at 37° C Sometimes a coagulum is due to accidental admixture 
with blood at lumbar puncture If blood is absent, a coagulum is 
pathological 

Colour The fluid may be pink or red, due to blood, or yellow , 
due to bilirubin Blood may be obvious m the fresh fluid, or in 
the sediment after centnfuging If the fluid above the red sediment 
m a centrifuged specimen is yellow, then some, at any rate, of 
the blood must have been in the fluid before puncture (except in 
long standing jaundice), because the yellow colour is due to bilirubin 
formed from blood shed into the fluid Of course, if a large propor- 
tion of the fluid examined is blood derived from an accidental 
puncture of a vein, a yellow tmge may be due to gross admixture 
with plasma but a small addition of fresh blood does not tmge the 
supernatant fluid Usually when a vein is injured during puncture 
the fluid as it flows from a needle decreases steadily m redness, but 
this is not a certain method of differentiating “ true " from 
“accidental” hemorrhage Sometimes when lumbar puncture is 
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repeated frequently (e g , daily), a senes of coloured fluids may be 
obtained which, after centrifuging to remove cells, show varying 
colours from red to yellow, just as in a bruise, owing to the varying 
Btages in the breakdown of oxyhemoglobin to bilirubin In other 
words, if a lumbar puncture has been made previously (within three 
weeks), little or no significance can be attached to the colour of 
the fluid 

That a yellow tint is due mostly, if not entirely, to bilirubin 
may be shown by performing Van den Bergh’s indirect test No 
other yellow substance which might be found in the cerebrospinal 
fluid would give this test The writer has always found it positive 
m fluids which were obviously yellow, and judgmg by the number 
of Van den Bergh units and the depth of yellow, there is no need to 
postulate the existence of any pigment other than bilirubin 

A yellow tmt is common m pathological fluids, eg , m meningitis 
of all kmds, in cerebral or meningeal hcemorrhage, in cerebral 
thrombosis, m cerebral or spinal tumours, and in polyneuritis As 
already mentioned, in recent jaundice the fluid is rarely yellow, but* 
may become tinged m long standing cases 

Total Protein, increase of protein is the commonest abnormality 
of the cerebrospinal fluid Protein should always be estimated 
quantitatively The variations in different diseases are summarised 
on pp S94-398 Variations from 35 to 100 mgm per 100 ec 
are common, from 100 to 500 less common, and amounts over 
500 mgm are rare Increase of protein may or may not bo 
accompanied by mcrease of cells (see table on pp 394-398) 

Normal fluid contams albumm, pseudo globulin and a minute 
amount of cuglobulin (cf p 393) Pathological fluids may contam 
larger quantities of cuglobulin and fibrinogen, but the differential 
estimation of the proteins has not been applied extensively in 
clinical work as yet In nearly all fluids albumm preponderates By 
older analyses, m meningitis the ratio of albumm to globulin was 
of the order of 12 to 1, m general paralysis 7 to 3, whereas in spinal 
tumour the proportion might reach 2 to 1 Hewitt, using modern 
methods, gives the following ratios of albumm to globulin — 
General paralysis (17 cases), between 0 9 1 and 2 1, av 1 3 I 
Tabes (3 cases), between 2 7 1 and 3 4 1, av 3 1 
Miscellaneous pathological (16 cases), between 3 0 1 and 12 1. 
av 6 1 

Normally, about 8 1 

The acetic anhydride and sulphuric acid test (see Greenfield and 
Carmichael 1927) is essentially an application of the Hopkins 
Adamkiewicz test for protein (Bhx and Backhn, Duncan) Tho 
depth of colour, however, does not run strictly parallel -with the 
total protein percentage, and it is possible that tho ratio of albumin 
to globulin also influences the colour 

Qualitative Test for Globulin This has been extensively 
employed in examinations of the cerebrospinal fluid, and, in the 
absence of contamination by blood, a positi\e reaction is always 
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pathological The results in different diseases are indicated on 
pp 394-398 Normal fluid contains traces of globulin (about 
3 mgtn per 100 ec , Heuitt), but not sufficient to give a positive 
qualitative test The test is very commonly positive in pathological 
fluids, in fact, almost always positive if the total protein exceeds 
100 mgm Its chief value is perhaps m syphilitic lesions, in which 
it is generally positive, although the total protein is usually less than 
100 mgm This can readily he understood from the fact that m 
syphilis the ratio of globulin to albumin is increased 

Glucose. The reducing substance in cerebrospinal fluid is mostly, 
if not entirely, glucose The sugar content of the ventricular fluid 
is approximately the same as that of the blood, but the lumbar 
fluid sugar is almost always lower (table on p 392) The cause of 
this difference between ventricular and lumbar fluid sugar is not 
known It may be due to utilisation of sugar by the lining endothehal 
cells After a glucose meal the blood sugar rises much more rapidly 
than the cerebrospinal fluid sugar, but the cerebrospinal sugar does 
rise In other words, it takes time for the sugar from the blood to 
pass into the lumbar fluid Since the oscillations in blood sugar after 
a meal are generally rapid, it is easy to understand that variations 
in the lumbar fluid sugar are less marked and in fact have received 
Uttle attention When hyperglycemia is persistent, as m untreated 
diabetes melhtus, the cerebrospinal sugar also is raised, and very 
nearly, if not quite, to the same degree as the blood sugar Apart 
from diabetes the cerebrospinal sugar is increased m uremia, and 
often when there is increased intracranial pressure, as in cerebral 
haemorrhage cerebral tumour, and so on In short, the cerebrospinal' 
sugar follows approximately the blood sugar in these cases In 
meningitis there is the factor of increased intracranial pressure 
tendmg to raise the blood sugar, and, therefore, the cerebrospinal 
sugar, but there are other factors tendmg to lower the cerebrospinal 
sugar The figure obtained by analysis is, therefore, the algebraic 
sum of these influences In encephalitis it was at one time claimed 
that an increase in cerebrospinal sugar was an important diagnostic 
point, but recent work has modified this view In a fair number of 
patients ? nth tRls dtse then? is & slight mcr&sso m sugar (up to 
120 mgm ), but a normal sugar by no means excludes the 
diagnosis 

In acute meningitis the sugar is very often reduced or completely 
absent Further quantitative measurements are badly needed, but 
there are undoubtedly considerable variations in different stages of 
the disease 

The chief factors responsible for a fall in the sugar content of the 
cerebrospinal fluid are (o) hypoglj csezma, ( b ) glycolysis by ferments 
formed from polymorphonuclear cells and (c) utilisation of the 
sugar as food by the organisms m the fluid Insulin hypoglycemia, 
if prolonged, may cause a definite fall m the cerebrospinal sugar 
In meningitis (c) is often an undoubted factor, because it has been 
shown that lactic acid is formed, that the sugar may not he lowered 
if the invading organism does not ferment glucose, and that sugar 
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disappears rapidly from infected fluids, but only slowly from sterile 
fluids kept in the laboratory The part played by cells is really not 
known , on the one hand it is possible to keep certain sterile fluids 
containing many cells without loss of sugar , on the other hand the 
turbid but sterile fluid in certain cases of brain abscess may contain 
little or no sugar 

Much interesting information would probably be derived from 
simultaneous blood and cerebrospinal sugar estimations Thus 
in meningitis it has already been shown that hyperglycemia may 
co exist with hypoglycorrhachia 

Chlorides Readings above normal (above 760 mgm ) are most 
commonly encountered in renal inefficiency , and readings below 
normal (below 700 mgm ) in m eningi tis Chloride estimations have 
been particularly valuable mTKediagnosis of tuberculous meningitis, 
in which disease very low values have been recorded, down to 
500 mgm They are algo valuable in cerebral abscess and m other 
comphcations of infections of the ear and nose — so long as the dura 
mater has not been exposed by operation — m helping to decide 
whether there is generalised meningitis or not A progressive 
lowering suggests that the subarachnoid space is becoming more 
widely involved In acute lobar pneumonia the chlorides ate 
lowered m the cerebrospinal fluid just as they are in the blood and 
the unne quite apart from the presence of meningitis Probably the 
most potent factor in causing a fall in the cerebrospinal fluid chloride 
is a fall in blood chloride (c/ Linder and Carmichael) Another 
possible factor in meningitis is the increase in meningeal permeability 
Urea Urea being a very diffusible substance, it is not surprising 
that the cerebrospinal fluid urea follows closely the blood urea, 
though the former is often shghtly lower Therefore, in routine w ork 
there is no point m estimating the cerebrospinal urea if the blood 
urea has already been determined and vice versd 

Urea estimations are chiefly requested in comatose or convulsed 
patients suspected of having uremia, and lumbar puncture in these 
cases is often valuable not only in providing fluid for analysis, but 
also m relieving symptoms The cerebrospinal urea is subject to 
the same limitations as the blood urea as an aid \o diagnosis (see 
Chapter V) Thus severe an hydremia, a failing circulation and so 
Xfn a’A to raised waiues It is in moribund patients particularly 
that difficulties arise and the results of urea estimations performed 
on cerebrospinal fluid removed after death must be interpreted 
With the greatest caution 


From’s Syndrome 

When there is blockage of the «subarachnoid space, the 
cerebrospinal fluid below the block approaches m composition to 
that of the blood plasma The result is a great increase in protein, 
massn e coagulation and often a yellow coloration, the cells varying 
from nil to many, depending on the cause of the block The fluid 
is said to exhibit the syndrome of From Greenfield has shown 
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that the essentials of Prom’s syndrome are that the protein shall 
exceed 50 0 mgm , and that the fluid shall not be frankly purulent 
A yellow colour is unessential Absence of spontaneous coagulation 
is not uncommon, because although there is a large excess of 
fibrinogen, fibrin ferment may be absent , in such cases the addition 
of a drop of fresh serum causes instant coagulation Sugar and 
chloride vary little from the normal 

The syndrome is found m chronic meningitis, especially syphilitic 
meningitis, tumours of the cord and its envelopes, spinal caries, 
epidural abscess (tuberculous or staphylococcal), and rarely m 
polyneuritis and Landry’s paralysis When the block is due to a 
tumour of the cord, it is possible that some of the protein in the 
loculated fluid comes from the tumour ( cf McCance and Watchom, 
1934) 


Lange’s Colloidal Reaction 

Several colloidal tests have been devised — benzoin, Berlin blue, 
coflargol, gamboge, gum mastic — but none of them is so sensitive 
as Lange’s colloidal gold test 

.Gold is precipitated from colloidal suspensi on by globulin. 
whereas albumin has a protective action The ratio of albumin 
to globulin in cerebrospinal fluid appears to have an important 
influence on the precipitation of gold Thus the maximum 
precipitation is o btained in general paralysi s, m which the proportion 
of globulin is highest, but the reactions obtained in different diseases 
cannot be explamed solely by differences in this ratio Mellanby 
and Anwyl Davies suggest that it is euglobulm which causes 
precipitation, and pseudo globulin which keeps the gold m solution 

The test is performed by adding gold sol to serial dilutions of 
cerebrospinal fluid, and noting the change, if any, which occurs in 
each tube after twelve to twenty four hours 

0, denotes no change from the original bright cherry red 

1 , very slight change to deeper red, scarcely lilac 

2, lilac to purple 

3, deep blue 

i, light blue with purplish precipitate 

5, complete decolorisation of tho supernatant fluid with heavy 
bluish precipitate 

These changes simply represent increasing precipitation of tho 
gold from the colloidal solution, and may be recorded as numerals 
or graphically, as shown below The test itself is simple It is tho 
preparation of a suitable gold sol which presents the only difficulty 
(see under Technique) If the gold sol is a shade too acid, it will 
be too sensitive and may be precipitated even by normal cerebro- 
spinal fluid , if it is a shade too alkaline it will not bo sensitive 
enough and maj not bo precipitated even by a paretic fluid 
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S Colourless heavy precipitate 
4 Light blue purplish 
3 Deep blue 
Z Lilac to purple 
J Slight change to deeper red 
0 Ha change bright cherry red. 

Tube no 



NORMAL — PARETIC 

O— O — O — OTABETIC X*j.iiX™«X*«»X MENINGITIC 

Fiq 70 Lange s colloidal gold testi 

Typical curves obtained in health, in general paralysis, m tabes 
(or syphilitic meningitis), and acute meningitis respectively are 
illustrated (Fig 70) Reported as a senes of numerals these would 
read — 


Normal 

Paretic 

Tabetic (luetic) 
Meningitic 


00000000000 

55555431000 

01231000000 

00013442100 


Greenfield and Carmichael note the following (a) “In the 
presence of a negative Wassermann reaction m both blood and 
cerebrospinal fluid a, * paretic * type of gold sol curve is most often 
indicative of disseminated sclerosis , (6) that the persistence of a 
curve of the ‘ paretic ’ type during months of antisyphihtic treatment 
is very strongly m favour of the diagnosis of ‘ general paralysis ’ ” 


TECHNIQUE OF THE SIMPLER TESTS 
Protein 

If the fluid is turbid it Bhould be centrifuged to remove cells, 
and the supernatant fluid used for the determination 

Aufrecht’s Picric Acid Method This method has been described 
for urrne m Chapter III, and is applied to cerebrospinal fluid in 
exactly the same -way The objections to it are that it is only 
approximate, that it requires 4 c c of fluid, and that it is practically 
useless for fluids containing less than 100 mgm of protein per 
100 c c It is serviceable for fluids containing much protein, but 
it is essential to follow the instructions with regard to the duration 
and Tate of centrifuging (qf Chapter III) The method is not 
recommended 
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Mestrezat’s Diaphanometnc Method The protein is precipitated 
by trichloracetic acid, and the resulting turbidity is compared 
with that of a senes of standard protein solutions similarly 
treated 

The Test Place 2 c c of cerebrospinal fluid in a test tube of 
the same bore and quality of glass as that of the standard tubes 
Add 0 3 o c of 30 per cent trichloracetic acid, mix, and place in a 
boiling water bath for about two minutes Set aside for twenty 
minutes or longer, and then compare with the standards by viewing 
a window bar or Jaeger’s test types through the turbid fluids 

It is better to add the trichloracetic acid before heating, since 
strings and large flakes of coagulated protein are less likely to form, 
but it is then essential to wait for twenty minutes or more for the 
mixture to cool, because the immediate effect of heating is often a 
reduction of the turbidity (due to the formation of acid metaprotein), 
which, howfever, increases on standing, so that finally it is the same 
as that obtained by first heating and then adding the acid The 
method is an approximate one, because it is impossible to insure 
that all fluids and standards will yield the same state of protein 
aggregation, but it is roughly quantitative and a practical method 
• for clinical work 

It is easy to distinguish between turbidities up to amounts 
corresponding to 50 or 60 mgm of protein per 100 c c When 
the protein content is greater, it is best to dilute the fluid first with 
1, 2, or more volumes of physiological saline, according to the 
rough estimate first made Thus, if the first estimate is 200 mgm , 
another 1 c c of fluid is taken and 4 c c of saline are added Two 
c c of the diluted fluid are treated with the trichloracetic acid, the 
turbidity is matched and the resulting figure multiplied by C 

Preparation of Standard Tubes Obtain 5 to 10 c c of fresh 
non luemoJysed normal human serum, and dilute it 1 in 10 with 
0 85 per cent sodium chloride Determine m duplicate or triplicate 
the total nitrogen by Kjeldahl’s method m 5 c c portions, using 
20 c c of N/10 sulphuric acid in the receiver to catch the ammonia 
Calculate the protein content (N x 6 25) 1 of the diluted serum, 
and dilute still further with physiological saline to exactly 0 1 per 
cent of protein (100 mgm per 100 c c ) 

Fill one 5 c c microburette with the 0 1 per cent protein 
solution, and another with 0 85 per cent sodium chloride Into a 
senes of test tubes run in 2 0, I 8, 1 6 0 6, 0 5, 0 4, 0 3 

0 2 c c of protein solution, and then 0 0, 0 2, 0 4 . 1 4, 1 5, 

1 7 and 1 8 c c of saline respectively To each test tube add 0 3 e * 

of 30 per cent trichloracetic acid, beat in a boding water bath f » 
about two minutes, and cool Seal off each tube and mark mp & 
diamond in sequence, 100, 90 80 30, 25, 20, 15 and 10 £j~~, 

of protein per 100 c c Sterilise in the vaccine bath at 56® £ f- 
one hour on tliree successive days 

1 In normal serum tho non protein nitrogen constitutes less tlisn f ^ 
of tho total nitrogen so that tho total nitrogen may bo regarded as £=p: ~~ 
tlio protom nitrogen “ 
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The tubes used for the standards and the tests must be of the 
same bore and type of glass “ Cordite ” tubes (tubes used for 
cordite testmg) are very convenient (£ m diameter) Each standard 
tube is first drawn out as shown in Eig 71 at (a), then filled (6), 
and then sealed (c) and (d) It is advisable to make a duplicate set 
to allow for breakages 



b 

Fiq 71 Preparation and sealing of ft capsule containing fluid 

Biuret Method This method is the same as that used for urine 
(Chapter III) but 2 c c of fluid are used with appropriate reductions 
of the volumes of reagents For convenience the steps are outlined 
briefly but reference should be made to Chapter lU lor fuU details 
Tor Total Proteins mis m a graduated centnfuge tube — 


Cerebrospinal fluid 2 c c 

10 per cent trichloracetic acid 2 „ 

Centrifuge and decant 
Add to the precipitate 

Water about 1 c c 

30 per cent NaOH . . . 0 5 c c 


and shake till the protein has dissolved Add 0 5 c c of 6 per cent 
crystalline copper sulphate solution, and water to exactly 4 cc 
Mix thoroughly for at least one minute, and centnfuge down 
completely the precipitate of cuprous hydroxide 
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Transfer the supernatant fluid to a Lovibond comparator 
{p 296), compare with the standard coloured glasses and read the 
answer directly 

Differential Estimation of Proteins In pathological fluids a 
reasonably close estimate of the proportions of albmnin and globulin 
may usually be made In brief, centrifuge or filter a mixture of 


Cerebrospinal fluid . 2 c c 

52 8 per cent (NH 4 ) 2 S0 4 2 „ 

In a graduated centrifuge tube mix 

Supernatant fluid (or filtrate) 2 c c 

10 per cent trichloracetic acid 2 „ 


Centrifuge, decant completely and add to the precipitate the NaOH 
solution (0 5 o c ), the CuS0 4 solution (0 5 c c ) with water to a total 
of 4 c c exactly as described above under Total Proteins Read in 
the Lovibond comparator and multiply by 2 to obtain the albumin 
in mgm per 100 c c 

Calculate the globulin by difference, total protein less albumin 
Other Methods The protein in the cerebrospinal fluid may be 
precipitated by sahcylsulphomc acid, and the resulting turbidity 
compared in a nephelometer, with the turbidity of a standard 
protein solution similarly treated ( cf Denis and Ayer, also King 
and Haslewood) As in the trichloracetic methods, the main 
objection is that the aggregates of protein molecules may not be 
the same m standard and unknown 

The protein may be estimated accurately by the micro 
Kjeldahl method (cf Chapter XIX) The total mtrogen and total 
non protein nitrogen are each determined and the protein calculated 
as 6 25 X (total mtrogen less non protein nitrogen) The method 
requires too much cerebrospinal fluid and too much time for routine 
clinical use It is recommended for research work 

The total protein (Wu and Lmg), and a differential estimation 
of the individual proteins (Hewitt), may be made by Wu’s 
colorimetric method 


Globulin 

Several qualitative tests for globulin have been described (see 
book of Greenfield and Carmichael), but for routine clinical work 
the Nonne Apelt reaction (phase I) meets most requirements To 
1 \olume of cerebrospinal fluid, 1 volume of a saturated solution 
of ammonium Bulphate is added, ej.lcc of each, and the mixture 
is shaken and set aside for three or more minutes Normal fluids 
remain clear or occasionally become very slightly opalescent 
Pathologically the mixture becomes slightly opalescent, opalescent, 
slightly turbid, or markedly turbid, or a precipitate occurs, thus 
giving a rough indication of the concentration of globulin present 
It is a common procedure to perform this as a ring test, super 
imposing cerebrospinal fluid on saturated ammonium sulphate, and, 
though open to theoretical objections, in practice tins gives 
substantially the same results as the Nonne Apelt reaction 
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Quantitative methods for globulin have been discussed m the 
previous section 

Chlorides 

The chlorides, are precipitated as silver chloride, potassium 
chromate being ^ed as indicator The addition of a single drop 
of silver nitrate in excess of that required to precipitate 
completely the chlorides results m the formation of red silver 
chromate The solution at this pomt suddenly changes from pale 
yellow to orange 

The standard solution of silver nitrate is 0 5814 per cent , and 
is stored in a brown bottle (It may be prepared by diluting 
34 2 c c of N/10 AgNO s to 100 c c with distilled water ) 

The Test Measure accurately 2 c c of cerebrospinal fluid into 
a small conical flask or boiling tube containing 10 to 15 c c of 
distilled water Add 2 or 3 drops of 5 per cent potassium 
chromate and titrate with the standard silver nitrate solution from 
a 25 c c burette 
Calculation 

Nad + AgN0 3 = AgCl + NaN0 3 
58 5 170 

Since 170 mgm of silver nitrate are equivalent to 58 5 mgm of 
sodium chloride, therefore 5 814 mgm or 1 c c of standard AgN0 3 

correspond to X 5 814, or 2 mgm of NaCl 

1 c c of standard AgN0 3 = 2 mgm of NaCl 
x „ „ , ^ ~ 2x „ „ 

Hence 2 c c of cerebrospinal fluid requiring icc of standard 
AgN0 3 contam 2x mgm of NaCl, and 100 c c of fluid contain 
100 x mgm of NaCl Therefore the c c of silver solution required 
multiplied by 100 gives the chloride content in mgm per 100 c c 
of fluid as NaCl 

Alternatively 1 c c of cerebrospinal fluid may be titrated with 
0 2907 per cent silver nitrate (1 c c =1 mgm of NaCl), when x, 
the titration figure, multiplied by 100, gives the chloride content 
m mgm per 100 c c as NaCl 

If N/50 AgNO a (0 34 per cent ) is used to titrate 1 c c of fluid, 
the multiplying factor is 117 

In the above method protein is not removed before doing the 
chloride titration It is only rarely that the protein content of 
cerebrospinal fluid is high enough to interfere significantly with 
the analysis Patterson has overcome the difficulty due to the 
presence of protein, and at the same time has enabled the analysis 
to be made on as little as 0 2 c c of fluid 

Patterson's Method Measure accurately with a blood pipette 
0 2 c c of cerebrospinal fluid into 1 c c of , distilled water in a 
boiling tube washing out the pipette with the water Add 3 c c of 
pure concentrated nitric acid from a small measuring cylinder, and 
shake till the protein redissolves Add 1 c c of 0 5814 per cent 
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silver nitrate and shake Add 3 to 4 c c of pure acetone, mix and 
cool Add 6 drops (0 3 c c ) of saturated iron alum solution as 
indicator, and back titrate from a microburette mth alcoholic 
ammonium thiocyanate solution of approximately half the strength 
of the silver nitrate and standardised against the latter (A 
convenient solution is made by diluting ordinary aqueous N/20 
thiocyanate with about 2 volumes of absolute alcohol ) The end 
point is reached when the mixture suddenly changes from a pale 
yellow to a pale brownish red ✓ 

Example of Calculation Two c c of alcoholic thiocyanate 
were equivalent to 1 c c of silver nitrate Back titration was 

0 56 c'c of alcoholic thiocyanate Therefore, 0-°4 6 ) = 0 72 c c 

of silver nitrate was used to precipitate the chloride From the 
equation on the previous page, 1 c c of 0 5814 per cent silver 
nitrate corresponds to 2 mgm of NaCl Therefore, 0 72 c c of silver 
solution corresponds to 1 44 mgm of NaCl Therefore, 02 cc of 
fluid contains 1 44 mgm of NaCl, and 100 c c of fluid contain 
720 mgm 

Sugar 

Qualitative Test (a) Boil 1 cc of cerebrospinal fluid with 
0 25 c c of Fehhng’s solution Normal fluids give a heavy reddish- 
yellow precipitate, which on standing sinks to the bottom of the 
test tube, leaving the supernatant fluid pale blue 

(6) Boil a mixture of 1 c c of Benedict’s quahtative reagent 
and 1 c c of fluid for two minutes, and allow to cool Normal fluids 
give a small yellow precipitate and an opalescent greenish 
supernatant fluid 

^^Quantitative Tests Any of the blood sugar methods (see 
Chapter VII) may be used, with the following variations — 

Hagedam and Jemen's Method Use 0 2 c c of cerebrospinal 
fluid instead of 0 1 c c of blood Calculate from the table in the 
usual way, and divide the resulting figuro by 2 
sjt Folm and 1 Yu's Method Take 1 cc of fluid, 8 5 c c of water, 
0 25 c c of sodium tungstate solution and 0 25 c c of 2/3 N sulphuric 
«cntf 31a:, Slice &ad proceed se fee Shed The ealeeistiea a as - fee 
blood 

Alternatively mix 2 c c of fluid, 7 c c of water, 0 5 c c of tung- 
state and 0 5 c c of acid, filter and proceed as usual The dilution is 
then 1 in 5 instead of 1 in 10, and calculation is made accordingly 
Folm and 1 Til’s Method Adapted for Smaller Quantities of Fluid 
To 3 4 c c of water, add 0 2 c c of cerebrospinal fluid, 0 2 c c of 
sodium tungstate solution and 0 2 c c of 2/3 N sulphuric acid 
Mix, filter and proceed as for blood When making the calculation 
remember that 0 2 c c of fluid has been used, instead of 0 1 c c of 
blood 

Urea 

The methods used for estimating urea in blood (Chapter V) may 
be applied without modification to cerebrospinal fluid 
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Lange’s Colloidal Gold Test 

Technique. In a jack place eleven test-tubes In the first tube 
put 1 8 c c of 0 4 per cent sodium chloride and 0 2 c c of cerebro 
spmal fluid In each of tubes 2 to 11 place 1 cc of the sahne 
Mix the contents of No 1 and transfer 1 c c to tube No 2 Mix 
and transfer 1 c c to tube No 3, and so on, finally discarding the 
1 c c taken from No 10 To No 11, the control, add nothing To 
each of tubes 1 to 11 add 5 c c of colloidal gold solution Mix and 
set aside for twelve to twenty four hours, at the end of which time 
the tubes are examined, and the results recorded as shown on p 404 
Preparation of Gold Solution (Mellanby and Anwyl Davies) In 
a 250 c e beaker place 100 c c of redistilled water, and 1 c c of 1 per 
cent neutral potassium oxalate Bring the mixture to the boil, add 
immediately 1 c c of 1 per cent gold chloride, and remove the 
flame The fluid should be bright cherry red with practically no 
fluorescence When 100 c c is viewed in bulk, it should be red 
without any blue tinge If the colour is old rose, or if there is more 
than the slightest fluorescence, the fluid is useless 

Each new batch of gold sol should be tested against normal and 
known syphilitic cerebrospinal fluids to make sure that it is not 
too sensitive, and that it gives typical luetic and paretic curves 
The stock normal and syphilitic cerebrospinal fluids may be stored 
m the ice chest, after heating at 65° C to insure that they will 
remain sterile 

Either AuC 1 3 NaCl 2H a O ot AuC 1 3 K.C1 2H a O is recommended 
for preparing the 1 per cent gold chloride solution The usual 
“ gold chloride ” obtamed on the market is AuCI 3 2HCI, or 
AuC 1 3 HC1 3H 2 0, and its solution is, of course, strongly acid , 
even after neutralisation with NaOH and litmus as external indicator, 
it is not satisfactory for preparation of the gold sol 

Notes on the Test The water should be freshly redistilled from 
glass using no rubber connections This is the essential part of the 
method Since making it a routine invariably to redistil from glass, 
discarding the first 200 c c or so of distillate, all our difficulties have 
disappeared , the redistilled water may be kept m a paraffin-lined 
bottle with a bark cork for a week or so The gold sols prepared with 
this redistilled water show very little variation in sensitivity 

Naturally all water used m the tests must be of the same good 
quality Thus the sodium chlonde, potassium oxalate, and gold 
chloride must each be made up m the redistilled water The oxidate 
and gold chlonde solutions will keep m glass stoppered bottles for 
several months The saline will keep for several weeks if sterilised 
after withdrawing what is required for immediate use, but otherwise 
should be made up about once a week 

All glassware should be thoroughly cleaned by the technique 
descnbed in the Appendix 

It is safest to use gold sol prepared freshly that same day, 
though it may keep for a few days in a glass stoppered bottle, when, 
however, it tends to become more sensitive 
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There are on the market gold sols, prepared ready for use, 
but in the miter’s experience these are too stable and are not 
recommended for Lange’s test 

ASCITIC, CYSTIC, HYDROCIELE, PLEURAL FLUIDS, etc 
For the chemical composition of the fluids obtained from cysts 
(dermoid, hydatid, ovarian, etc ), and of various effusions (ascites, 
chylous ascites, pseudochylous ascites, hydroccele, pleural fluid, 
etc ), the reader is referred to Wells’ Chemical Pathology In routine 
clinical work requests for the chemical examination of these fluids 
are infrequent, for the results are seldom of practical clinical 
assistance , this is illustrated by data from Wells’ book which are 
summarised below. 


Ascitic Fluids [after Wells) 



Chylous Fluids 

ChyUlonn Fluids 1 

Pseudochylous Fluids 

Cause of milkiness 

Fat from chyle 

Fat from 
degenerated cells 

Lipoid globulin with 
or without fat 

Total fat or ether 

BOluble matter per 

cent 

0 065 to 9 2 
Av 165 

0 1 to 4 3 

Av 1 15 

0 007 to 1 86 

Av 0 25 

Total protein per cent ^ 

0 9 to 7 7 ■ 

Av 3 5 1 

0 6 to 6 8 

Av 3 0 

0 1 to 4 2 

Av 1 4 


Clearly there is so much overlapping of results that the chemical 
findings are of little value The cytology of the fluids taken in 
conjunction with the clinical findings usually suffices It is possible 
that the administration by mouth of 100 mgm of Sudan III in 
10 gm of butter (cf p 285) before tapping would assist m the 
recognition of a true chylous fluid * 

It is maintained that transudates usually have a specific gravity 
below 1015, and exudates above 1018 (the S G follows closely the 
protein percentages), but there are many exceptions to this state- 
ment It zs often difficult to decide whether a given fluid is an 
exudate or transudate, there being no definite line of demarcation 
either ictiologically or chemically 

The technique of the analyses is generally the same as for blood , 
the biuret method (cf p 375) is useful for proteins 
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CHAPTER XXI 
MILK ANALYSIS 


Books Milk and its analysis is described m ra ost books of physiological 
chemistry, e g , those of Hawk and Bergeim and of Hanunarstcn and 
Hedrn (trans Handel) 

Puller information is contained in the following special manuals and 
articles — 

Thorpe’s Dictionary of Applied Chemistry Article on “ Milk," by 
H Droop Richmond, 1922, Vol IV, 362 

“ On the Variations in the Composition of Normal Human Milk ” 
Gardner, J A and Tox, F W , Practitioner, 1925, 114, 153 
Allen’s Commercial Organic Analysis, Vol IX 
Davies’ The Chemistry of Mill 

Analyses of human milk are requested m certain cases in winch 
the infant does not thrive on the breast, or appears to suffer from 
indigestion after the feed It must be admitted at once that, in 
the great majority of instances, such analyses reveal nothing 
abnormal and give no assistance to the clinician Analyses of 
cow’s milk are required occasionally to test the quabty of the milk 
supply, or to test for adnlfceration The chemical pathologist 
sometimes undertakes this work, which, however, 13 more often 
performed by an analytical chemist 

Physicians must know the composition of normal human and 
of cow’s milk m order efficiently to supervise infant feeding 

In this chapter will be given the composition of milk and notes 
on the technique of some of the simple methods of analysis 


THE COMPOSITION OF HUMAN MILK 
The method by which the mother’s milk is obtained influences 
the analytical results The milk becomes richer as the feeding 
of the infant progresses There are three methods of securing 
the samples The breast may be emptied completely with the 
aid of a breast pump, and the whole or a sample of tho mixed 
milk sent for analysis This is obviously the most satisfactory, 
but is not always possible in practice Alternatively, the middle 
third may be obtained in the following way The mother is instructed 
to time several feeds so as to find out how long the infant takes to 
empty the breast The infant is then put to the breast for a third 
of tins time Then without delay about 1 oz of milk is removed 
with a breast pump, whereafter the infant is allowed to finish his 
feed Lastly, some u orkera first of all remove 1 oz of milk, then 
put the baby to feed at the breast, and then remove another ounce 
with a breast pump The 2 oz are mixed and analysed 



Percentage Composition of Human M,ll with Advancing Lactation ( Gardner and Fox) 
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Lata (0 months) 72 0 97 4 061 fl 40 0 09 1073 2 31 5 04 7 039 






















Hammett’s Analyses of Human Milk on 11, t Third lo the Eleventh Day after Parturition (Eight Cases) 
Results in gm per 100 gm 


MILK ANALYSIS 



Protein calculated as N x 6 37 
See also Loirenfeld el ol. 
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Daring the first few days of lactation, human milk exhibits 
considerable variations in. composition (see tables on pp 414 and 
415) After the first week the results are more uniform In clinical 
work, therefore, analyses should not be made until after the sixth 
or seventh day of lactation Gardner and Fox, from an extensive 
review of the literature, find that the range of variation in the 
composition of healthy mothers’ milks is very wide They summarise 
their findings as shown on p 414 

After the first week of lactation the composition of human milk 
in round numbers may be represented as follows — 


Lactose 

Protein 

Fat 

Salts 

Calcium as CaO 
Total solids 
Ash 

Reaction 
Specific gravity 


5 5 to 8 per cent 

1 to 2 per cent 

2 to 5 per cent 

0 1 to 0 4 per cent 

0 03 to 0 06 per cent 

10 to 15 per cent * 

0 1 to 0 4 per cent 

Amphoteric to litmus (pH G 7 to 0 8) 

1 026 to 1 036 


The fat is the most variable of the constituents During the 
first few days of lactation the protein decreases, whereas the lactose 
percentage increases From Roberts’s analyses of the milks of 
eighty six women, Myers calculates that the average calorific value 
of human milk is 19 Cals per ounce (18 95 Cals ) 


COMPOSITION OF COW'S MILK 

The composition of cow’s milk naturally varies with the breed 
of cow, the type of feeding, the duration of lactation, and other 
factors, but most analyses fall within the following limits, though 
the extremes of the published data are much wider (see books 
quoted at the beginning of this chapter) 


Lactose 3 5 to 5 per cent 

Protein 2 5 to 4 per cent 

Fat 3 to 5 per cent 

Salts 0 6 to 0 9 per cent 

Calcium as CaO About 0 15 to 0 20 per cent 

Total BOhds 11 5 to 16 per cent 

Ash 0 6 to 0 9 per cent 

Reaction Amphoteric to litmus (pH G 7 to G S) 

Specific gravity 1 028 to 1 035 

Average calorific value, about 20 Cals per oz 


THE DIFFERENCE BETWEEN HUMAN AND COW’S MILK 
Human milk contains more lactose, less protein, less salts and 
less calcium than cow’s milk. Moreover, there is about as much 
lactalbumin as coscinogen in human milk, whereas the casemogen 
greatly exceeds the lactalbumin in cow’s milk Hememan, in Jus 
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book, cites a table from Leach, from winch the following figures are 
taken — 



| Hntif line 

j Cova IfrtE, 


1 Av j 

Min. 

| Max 

Av 1 

- - i 

Min. 

Max. 

Casemogen per cent 

| 1 03 

0 18 

1 96 

3 02 ' 

1 79 

6 29 

Laetalbumin „ „ 

126 

0 32 

236 

0 53 

0 25 | 

144 

Lactoglobulm,, „ 

Traces 

i i 

Traces (about 0 15) 

i i 


For this reason even though cow s milk be diluted so that its 
total protem content is the same as that of human milk {and the 
requisite amount of lactose and of fat (cream) added), it cannot 
be made strictly equivalent to human milk The casemogen of 
human milk is less readily precipitated by acid and less readily 
coagulated by gastric rennm, and the casern curds of human milk 
are smaller, looser and less flocculent than those of cow s milk, 
and therefore probably more readily digested 

NOTES ON TECHNIQUE 

The total solids are easily determined by drying a known weight 
{2 to 5 gm ), or volume of milk thoroughly and weighing the dry 
residue The ash ma\ then be obtained by heating the dry solids 
over a very low flame untd a white or pale grey ash is secured, and 
weighing lactose is estimated by precipitating the proteins, and 
then determining the lactose in an aliquot part of the protem free 
filtrate by applying one of the sugar methods used in urine or blood 
and} sis Total nitrogen is generally determined by a Kjeldahl or 
micro Kjeldalil method and from this the protem is calculated, 
using the factor protem — N X 6 37 For jat one of the centrifugal 
methods (Gerber’s or Babcock’s) is generally employed owing to 
their simplicity and rapidity, though the Soxhlet method (Adam’s 
paper cod method) is regarded as the most accurate For full details 
of the different methods and their innumerable modifications tho 
reader is referred to larger works and to the special manuals on milk 
analysis The same sources of information should be consulted for 
methods of detecting presenalnes and adulteration Graham and 
Kay have introduced the phosphatase test for detecting whether 
milk has been pasteurised properly 

Fat 

Babcock’s Centrifugal Method Organic matter other than fat 
is destroyed by sulphuric acid The fat is separated by cuitniugwg 
and its volume is measured 

In a Babcock tube (Tig 72) place 5 c c of milk Add about 
1 c c of concentrated sulphuric acid with a teat pipette Mix well 
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and quickly by rotation Without delay, so that the tube shall not 
cool appreciably, add another portion of the acid and mix again 
Continue with further portions and mixings until the fluid reaches 
to the bottom of the neck of the tube At this stage the contents 
are very hot and black owing to charring, and the white lumps of 
protem v hich at first appeared should now have gone into solution 
Allow to cool and make good the reduction in volume by agam 
adding concentrated sulphuric acid to the bottom of the neck of the 
tube Then fill to the zero mark with a mixture of equal parts of 
amj 1 alcohol and of concentrated hydrochloric acid, but do not now 
mix Centrifuge for about five minutes If 
the fluid does not reacli the zero mark add 
water till it does, and centrifuge again Note 
the percentage of fat, which is given directly 
by the figure on the neck of the tube, at the 
level of the bottom of the column of separated 
fat , should the upper level of the fat column 
agam not reach the zero mark, note its reading 
too and make due allowance 

Sometimes the layer of fat solidifies 
rendering the reading difficult , in that case 
take a preliminary reading, and then warm 
the neck of the tube carefully in the flame 
until the fat just melts, and read again If 
this fails to yield a well defined layer of 
separated fat the test lias not been property 
carried out and must be repeated 

The calibration of the tube can easity be 
checked, for 5 per cent of 5 c c is 0 25 c c , 
and therefore the volume betw een the 0 and 
the 5 mark should be 0 25 c c Some of the 
tubes on the market are very inaccurate 

If the milk is rich in fat (over 5 per cent ), 
use 2 or 3 c c of milk and 3 or 2 c c of water, 
instead of 5 c c of milk, and allow for the 
dilution in the calculation (i e , multiply tbo 
observed fat percentage by 5/2 or 5/3 
Fia 72 Babcock t ibe respectively) Indeed, it is wise to do this 
for most samples o f human milk if a good 
separation of the fat is to be obtained 

The mixed amyl alcohol and HCI facilitates the separation of the 
fat The amyl alcohol eventually goes into solution and does not 
form a separate layer 

Lactose 

In a 50 c c volumetric flask about half full of distilled w ater, 
place 5 c c of milk 2 5 c c of 10 per cent sodium tungstate 
(Na 2 W0 4 211,0) and 2 5 c c of 2/3 N sulphuric acid (cf precipitation 
of plasma proteins by tungstic acid at the beginning of Chapter NIX) 
Shake gently and add w ater to the 50 c c mark Stopper, shake 
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thoroughly, and filter through any good quality paper *, the filtrate 
should be quite clear. 

The dilution of the milk is, 1 in 10. If 5 c.c. of milk are not 
available, lesser amounts may be used, the reagents being added in 
the above proportion, and the dilution being made in a measuring 
cylinder ( e.g ., 4 c.c. of milk, 2 c.c. of sodium tungstate, 2 c.c. of 
2/3 N. H 2 S0 4 , and 32 c.c. of water). 

Titrate 25 c.c. of boiling Benedict’s quantitative solution (Chapter 
VI) with the prote\n-free filtrate which is placed in the burette. 

Example of Calculation. The titration was 10-4 c.c'., which 
correspond to 1-04 c.c. of undiluted milk. Since 25 c.c. of Benedict’s 
solution are reduced by 0-067 gra. of lactose, therefore 1-04 c.c. of 
the original milk must have contained 0-067 gm. of lactose. That 

.,ii. r 0-067 X 100 _ , 

is, the lactose equals , or 6-4 gm. per 100 c.c. 

Total Nitrogen and Protein 

The total nitrogen is estimated by KjeldahVa method, details of 
which are given in the manuals of practical physiological chemistry. 
Five c.c. of milk are generally used, and may ho digested with 
10 c.c. of concentrated H 2 S0 4 , plus a crystal of copper sulphate 
(or \ c.c. of a saturated solution), and 5 to 10 gm. of potassium 
sulphate. The ammonia, liberated by an excess of caustic soda 
solution, is caught in an excess of standard sulphuric acid (20 c.c. 
of 0-2 N. H 2 S0 4 or its equivalent), the excess of acid being titrated 
with standard sodium hydroxide solution in the usual way. 

Alternatively, the micro-Kjeldahl method described in Chapter 
XIX may be utilised. The milk is diluted 1 in 10 with distilled 
water. Five c.c. of the diluted milk are digested as described in 
Chapter XIX, under “ Plasma Proteins.” To catch the ammonia, 
25 c.c. of 0-01 N. sulphuric acid should bo placed in the receiver. 

The protein is calculated by multiplying the percentage of total 
nitrogen by G-37 ; the nod-protein nitrogen is negligible. 

A reasonably close estimate of the proteins of milk may be 
secured by the Biuret Method, using 0-2 c.c. as for serum (p. 375). 

Contrary to expectation the fat gives no trouble y much of it is 
removed with the supernatant fluid after precipitation of the 
proteins by trichloracetic acid, and the rest is carried down with 
the precipitate of copper hydroxide in the final centrifuging. The „ 
biuret equivalent of casein(ogen) is the same as that of serum 
proteins. For clinical purposes the biuret method is undoubtedly 
satisfactory, and is much simpler than the Kjeldahl methods. 
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CHAPTER XXII 
GASTRIC ANALYSIS 

Books Rehfuss’ The Diagnosis and Treatment of Diseases of the 
Stomach 

Ba«sler’s Diseases of the Stomach and Upper Alimentary Tract 

Eusterman and Balfour’s The Stomach and Duodenum 

Robertson’s Gastric Acidity 

Ryle’s Gastric Function tn Health and Disease 

Beaumont and Dodds’ Recent Adiances tn Medicine Chapter on 
“ The Stomach ” 

Hawk and Bergeim’s Practical Physiological Chemistry Chapter on 
“ Gastric Analysis ” 

The gastric contents are examined as an extension of the clinical 
examination of patients suspected to be suffering from diseases of 
the stomach Disorders of other portions of the alimentary tract 
often affect gastric secretion, causing “ reflex dyspepsia,” e g , 
cholelithiasis appendicitis and so on Lastly any severe general 
disease may depress gastnc secretion In short, in interpreting 
results of gastric analysis there are three great groups of factors to 
consider, viz , local, reflex and general In pernicious anaemia gastric 
analysis is essential to complete the diagnosis, for achlorhydria is 
always found in this disease and persists after successful liver 
treatment 

In any patient suspected £o have ulceration (gastric, duodenal 
or malignant), chemical examination of the feces for occult blood 
(see Chapter XXIV) is important both in diagnosis and in watching 
progress under treatment 

THE TEST-MEAL HISTAMINE AS STIMULUS 
The EwalfTtest meal of toast and tea is usually employed m tho 
single hour method This consists of 35 gis {If on ) of toist without 
butter, and 250 co (| pint) of tea without milk Unfortunately a 
number of variations in the quantity of toast and of tea have been 
made, some physicians allowing a pint of tea and more than the 
above quantity of toast, and others allowing butter or milk or both 
The meal has therefore not been strictly “ standard ” Though no 
exact experiments appear to have been made to decide the point, 
the probability is that these variations in the test meal have not led 
to any serious difficulty m interpreting tho results of analyses 

The two chief objections to the Ewald meal are that the dextrin 
from the toast may' impart a pale brown tint to tho gastnc contents, 

. thereby' complicating the naked eye detection of bile or blood tn 
small amounts, and lumps of partially digested toasHnay block the 
tube 



GASTRIC ANALYSIS 421 

The Boas test-moil of oatmeal gruel was designed to overcome 
these difficulties The gruel is practically colourless and of such a 
consistency as not to block the tube It is prepared by boiling 
2 tablespoons of breakfast oatmeal with a quart of water down 
to a pint, straining through muslin, and adding sugar to taste 
Salt should not be added, because chloride estimations would 
thereby be rendered valueless Mtlh must not be given with the 
gruel or as a separate drink because, owing to its buffer action, 
it reduces greatly the free HC1, and may thus lead to gross errors in 
interpretation The analyst will detect the mistake by the milky 
appearance, and also by the big difference between the total acidity 
and free HC1 results for each sample (commonly some 40 to 50 
mstead of the usual 10 to 15 c c N/10 per cent ) 

Alcohol* either 50 or 100 c c of a 7 per cent solution in water, 
has also been extensively u^ed as a test meal (c/ Bloomfield and 
Keefer) From the analyst s point of view its great advantage is 
that the gastric samples aie cleaner and more easily cleared Some 
workers, however, do not regard it as so sure a stimulus to gastric 
secretion as gruel 

In experimental work gastric analyses are performed after all 
sorts of meals eg when determining the emptying rate after 
different foods but m cluneal work it is necessary to adopt a 
standard meal in order to compare the pathological with the normal 
under definite conditions The above are the three test meals most 
commonly employed, though others have been recommended from 
time to time, e g , water (Bergeim et al ), caffeine (c/ Becker and 
Thaler), etc In infants and young children, how r ever, it is rarely 
practicable to give a standard test meal At that age gastric 
analysis is commonly made after a known quantity of milk or after 
one of the ordinary feeds 

Subcutaneous injections of histamine — 0 25 to 1 mgm of the 
hydrochloride — are often used m the investigation of cases of 
achlorhjdrm In true achylia gastnea the injection does not cause 
a secretion of acid, eg, in pernicious an aim la, but in most cases of 
other forms of achlorhydria, e g , due to neutralisation of HC1 by 
regurgitation, to psychical or reflex causes, or to sprue (Fairley), the 
histamine often does cause a secretion of HC1 

It is a common practice to collect the first three or four gastric 
fractions, then to give the injection three quarters to one hour after 
the gruel, and thereafter to continue the collection of the gastric 
samples as usual in the fractional method , there is, of course, no 
point in giving the histamine if the early samples do contain 
free HC1 

Another method (e/ Lander and Maclagan) is to use histamine 
as the solo stimulus, in other words as the ‘ test meal ” Tins is an 
abnormal stimulus, and caution is adv ised if the blood pressure, 
which should always bo taken before the injection, is below 110 mm 
Hg Further experience is required before its clinical value can bo 
judged property , but it has the advantage that the volume of juice 
and of HC1 secreted per unit of time can be measured and compared 
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with the range in health , a practical difficulty is uncertainty that 
the gastric contents have been removed completely, and no know- 
ledge of how much, if any, of the secretion has escaped tlirough the 
pylorus, or of the volume of regurgitated fluid 


TYPES OF STOMACH TUBE 

In infants and young children a small oesophageal tube and 
syringe are commonly employed (see Tig 73) In adults the 
Ewald test meal is generally removed by an cesopliageal tube of 
larger size (up to size 24) or by a piece of rubber tubing which is fairly 
rigid and has a bore of about 6 or 7 mm — the ordinary “ stomach 
tube ” In the fractional test meal a smaller and more flexible 
tube is used, with some form of metal olive attached” to one end 



and a syringe at the other In the original pattern devised by 
m mm, the holes in the metal olive were too small Numerous 
modifications of the olive have been introduced by Rehfuss and 
otners In the Rehfuss tube, illustrated in Fig 73, the holes in 
the met al olive are of the same bore os that of the rubber tube 
, y e 8 modification (see Fig 73) there is a terminal piece of metal 
m, . W1 f ru hber to prevent damage to the mucous membrane 
ump of metal makes the tube easier to 6walIow, and is easily 
™. 0n radiographic screen in experiments m which it is 
necessary t° locate the position of the end of the tube In this 
i Cre ar ? koles in the side of the tubing just above the 
enclosed lump of metal The writer prefers the Kehfuss pattern 
, w '! “ le “ hke 'y become blocked than Ryle s tube, but 
1 “ er there is less likelihood of traces of blood getting into 
the gastne samples owing to trauma 
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TECHNIQUE OF REMOVAL OF GASTRIC CONTENTS 

The tube is lubricated with liquid paraffin, which does not mix 
with the gastric contents Infants will swallow the tube more 
readily if glycerol is used as lubricant, because it is sw eet , an excess 
of this material, however, should be avoided, because it dissolves 
in the gastric fluid The tip of the tube or metal olive is placed on 
the back of the tongue and the patient instructed to swallow three 
or four times, and then to breathe vigorously through the nose 

During its passage down the first part of the throat the tube is 
very apt to cause retching This can often be inhibited or lessened 
by repeatedly instructing the patient to breathe forcibly through 
the nose, gripping the tube meanwhile between the bps, not between 
the teeth When the desire to retell becomes more under control 
another portion is pushed down the patient sw allowing and separat 
mg the bps If the patient can be persuaded to help by pushing 
the tube down himself bit by bit as described, retching will be less 
troublesome, because he is less likely than the operator to push the 
tube against the sensitive soft palate, and because he will gain 
confidence 

The tubes are rmged round at certain levels (eg , a single ring at 
16 m , two rings at 20 m , and three rings at 24 in from the tip 
(see Fig 73), m order that the operator may know how much tube 
he has passed In practice these rings are a useful rough guide but 
their position should not be regarded aB providing certain evidence 
that the tube is m the stomach In pathological coses the distance 
from the teeth to the bottom of the stomach varies considerably 
The tube should be passed to between the first and second rings and 
aspiration made If no fluid is obtained the patient is instructed 
to swallow again and aspiration is repeated when the bps he between 
the second and third mark, and so on Occasionally as much as 
30 m of tube must be swallowed before the gastric contents are 
reached The tube being in position, aspiration is made with a 
20 c c Byrmge, the piston of which is lubricated with liquid paraffin 

The above is a general description of the passage of a flexible 
stomach tube, whether the resting juice, one hour sample or 
fractional samples are to be obtained When a more rigid tube 
is employed the gastric contents may syphon over without any 
suction, or the flow may be started by asking the patient to strain 
Instead of a syringe, some form of aspirating bottle (eg , a Senoran’s 
bottle) may be attached 

Whichever method be utilised there are two essentials to be 
observed (1) The patient should be supplied with a sputum mug, 
or beaker, or any convenient a essel into which he is instructed to 
expectorate in the intervals while the tube is being passed and 
while it remains in the stomach He must not swallow hts saliva 
The importance of this will be obvious if it is realised that some 
patients may secrete se\ eral hundred cubic centimetres of saliva 
during the course of a fractional test meal (2) 11 ater must not be 
used to facilitate the removal of the gastric contents The use of water 
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and of other fluids is, of course, quite permissible when washing out 
the stomach for therapeutic purposes, but a “ stomach wash out ” 
is useless for analysis In removing a test meal no fluid must be 
added at all, because it would introduce an unknown dilution E\ en 
if the volume of fluid introduced were measured the result would be 
hopeless, because it would be impossible to estimate the fractipn that 
would escape through the pylorus In the fractional method, after 
the withdrawal of each sample, air should be forced down the tube to 
clear it Otherwise the first 1 or 2 c c aspirated the next time may 
consist of the previous sample 

When withdrawing the tube the patient is instructed to open his 
mouth and depress his chin on his chest, but not to throw back, his 
head 


METHODS OF EXAMINATION 
Vomit 

Tasting juice or gastric residuum 
One hour test meal (Ewald) 

Fractional test meal 

Alveolar C0 2 cun e after test meal 

Examination of Vomit 

The character of the vomiting, whether simple or projectile and 
so on should be noted The amount and naked eye appearanco of 
the vomit is observed and any queries raised by these examinations 
are followed up As a general rule, however, chemical examination 
of the vomit gives little information Testing for blood is probably 
the most important A simple method for identifying blood in 
* coffee grounds ’ vomit with the aid of sulphuric acid and a 
spectroscope is given at the end of this chapter It does not take a 
minute to test the reaction with litmus, but quantitative analysis 
is generally useless because the gastric Bccretion is usually mixed 
with unknown amounts of food in varying stages of digestion, and 
often with unknown quantities of duodenal contents (For this 
reason bile is frequently present In special eases, or if a thorough 
examination should be requested, the chemical investigation follows 
the same lines as laid down for the one hour test sample 

Examination of the Gastric Residuum 
A charcoal biscuit is given the night before Normally tins will 
have all passed through the pylorus by the morning 

The gastric contents are removed before breakfast A flexible 
tube is used and the stomach is emptied completely by evacuating 
Brat m the sitting position, then m turn with the patient lying on 
his back, on his left Bide, on his stomach, and on his right side, and 
finally in the sitting position again 

The volume m cubic centimetres, the naked -eye appearance, 
and the presence or absence of charcoal are noted The until tered 
fluid is examined os to its reaction, and for bile, blood, starch and 
mucus The rest of the fluid is cleared by filtering or centrifuging. 
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and is then examined qualitatively for free HC1 and lactic acid and 
quantitate ely for free HCl and total aridity In special cases (or 
as a routine if facilities admit) the filtered fluid is also examined 
quantitatively for mineral and total chlorides and for pepsin 
Lastly some of the deposit is examined microscopically 
The normal findings are given below 


Normal Fasting Jutce 


Charcoal 

Absent 

Volume cc 

20 to 150 usually 20 to 100 

Reaction to litmus 

Generally acid 

Tree HCl ( “ 

t gm per cent 

0 to 70 usually 0 to 30 

0 00 to 0 26 usually 0 to 0 11 

ni , i fc c N/ 10 per cent 

Total aclity^gnj p ^ rc S „ H CI 

2 to 80 usually 10 to 50 

0 01 to 0 29 usually 0*04 to 0 18 

Lactic acid 

Ntl 

Blood 

Absent or traces due to trauma by 
tube 

Bile pigment 

Present or absent 

Starch 

NtL 

Mucus 

Traces only 

Tops n index (Melt) 

07 to5 0 

Freez ng point °C 

- 0 816 to - 0 298 (Rehfuss) 

Spec fic gravity 

1 010 to 1 0036 (Rehfuss) 

Trypsin index 

0 to 16 (Rehfuss) 

Microscopical Examination 
Leucocytes 

Erythrocytes 

Epttl elial cells (squamous 

excepted) 

Gross food residues 

Vegetable debns 

Meat fibres 

Few 

Nil or few due to trauma by tube 

Nil 

Ntl 

Little occasionally 

Nil 


An examination of the gastric residuum is the simplest way 
of examining gastric function and frequently gives as much 
information as the more elaborate Xhvald test method or fractional 
test meal Its disadvantage is that it gives little idea of whit 
would be the response of the stomach to the stimulus of food fho 
finding of lij perchlorliy dria * (o\er CO cc N/10 per cent) 
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howntu, i miy to important either in diagnosis ( i., m ulcer) or 
as a guide to treatment noth alkali Hie great advantage of 
examining the fasting juice is that the microscopical picture is not 
complicated (and diluted) by the presence of food It is therefore 
m carcinoma Indeed, in this condition the 
residuum, with its bulky deposit containing charcoal 
residucs nianj leucocytes, altered blood and orgamc 
oTtumcar be „ almost Pathognomonic Veiy rarely tumour masses 
r tumour cells may lead to a certain diagnosis An excessive 

points 6 t'oTto 50 ° f ‘° 600 ° c ° r ”4 °f fasting coSts 
points to atony of the stomach, simple or malignant The 

°l * 0 “ “ f™*’ ,a oft ™ d, ® cult to assess It may 
ZsHw" 1 by th0 ‘ ube ’ ^ceding from the gums, or 
from dilated msnnr 60 ? membK ™ aa ■» pernicious anmmia or 
renre slot “ d t™e b h Bea i, Tema . M m clIrllos,s of-the liver, or it may 
mahgnant In r b!emorrll fe e ^ a " ulcer, whether mnocent or 
S the™ sL™f, 7 a r l he passa s e of th ° tube may be obstructed 
Such an obserSmu ?° mt aspiration may draw a little blood 
further attemnt sh tnf ' arc,nnnia of the oesophagus, and no 

altered bl 00 ZV u" “ ade to pass ‘ube The presence of 
blood but if there T y wf, re 81 £ mdcant than streaks of fresh 
o ahered m a few “ ? CI “ tbe stomach oxyh-emoglobm is 
absence'of bite *« ^ or 

normally 81 8 ru * lcan ce, since either may occur 

passed through theZp ° f Starch 8,m P 1 y means tI,at food has not 
of that sphincter or of dT t f’ r0 P er! 3b e,tl, er on account of spasm 

chemmal test for Btaridfistberef 0 " fZ 5 ' of the stomach Tho 
If the swallowing n f 1 bere f° re a test for one of the food residues 
present onlyin traces ItmaJ E™ 48 ? 1 - m “ c ' IS should normally be 

but is not io^Xy ^ such ob™ “ ei “ SS “ mU T e 18tat,s ' 
significance y U ° h obvi0us excess as to be of any 


The One-Hour Test-Meal (Ewald) 

is removed at the'enZofaf 13 P’ v(m a test breakfast, which 
appearance are noted and th '° Ur , Tlle vo[umc pnd naked eye 

the exammation of the aiwe T ° hcnuc “ I test8 as taled under 
Lactic acid 7 , d,,„ if c residuum are applied 
and is formed only when freeZc? ZV*"; Dodds and Robertson), 
N/10 per cent , befause free HO ?il W ' less lhan 20 c 0 

acid forming organisms Oiiahf ° r stops the actl0n of lacfc,c 
positive m many Zsra of ?dv™ r ‘Z' f ° r tlle ac,d “ re 
results are found also in ance f 8 astnc carcinoma, but positive 

stagnation of gastric contents" Tho™" 1 obstruction with 

health and m certain , ran 8 es of variations obtauied m 

mineral chtedes a frve HcfeZ 066 ^ “" a > aad 

and 428 ' etc • aro E‘ven in the tables on pp 427 



One hour Test meal Chemical Findings 
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Achlorhydria increases with age (see p 423) 
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These tables have been compiled after a fairly exhaustive search 
of the literature and from the writer’s otto results They could 
be considerably extended {cf statistics of Vanzant el al in health 
and m ulcer, and of Comfort and Vanzant m carcinoma), but 
suffice to show that, with the exception of pernicious amcmia, 
almost any result may be obtained in almost any disease In other 
words, in dealing with a given patient, gastric analysis will very 
rarely enable a diagnosis of any one disease to be made with 
certainty That does not mean that all these tests are valueless 
In conjunction with the clinical examination they often give mforma 
tion useful in arriving at a diagnosis, and are valuable when repeated 
at intervals in order to follow the results of treatment intended to 
alter the reaction of the gastric contents Thus a diagnosis of 
pernicious ansemia is unlikely to be correct if there is not achlor- 
hydria Hyperclilorliydria is a point in favour of duodenal ulcer, 
but its absence does not exclude such a diagnosis Most cases of 
carcinoma, according to some authorities, e g , Friedenwald, 90 per 
cent or more, have achlorhydria or hypochlorliydria, and so on 
On the other hand, the accumulated results tend to show that 
gastric analysis is of little help in most cases of gastnc ulcer and of 
gastritis, because there 13 no one group of findings common to a 
majority of these cases 


One hour Test-meal — (continued) 



Vanzant el al showed that in health achlorhydria became more 
frequeht with increase of age , in the tu enties about four, and in 
the sixties about twenty five out of every 100 individuals had no 
free HC1 
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An objection to the one hour test method is that m certain 
pathological conditions the volume of fluid in the stomach before 
the meal may be large, and may modify the findings in the one hour 
sample In other words, in these cases a mixture of residuum 
and the hour’s secretion plus the partially digested food, less that 
portion of this mixture which has passed through the pylorus 
(plus regurgitated fluid from the duodenum, if any) is examined 
This objection may be met by first removing the residuum, leaving 
the tube tn situ, giving the meal, and at the end of an hour removing 
the gastric contents Other possible combinations of the exarmna 
tion of the gastric residuum plus examination^} subsequent to the 
meal will occur to the reader, but the most standardised procedure 
is the ' fractional test method ” 

In the one hour test Bample microscopical examination is rarely 
of any value, because the vast bulk of the deposit consists of starch 
granules and yeast cells from the toast or of imperfectly digested 
gruel 


The Fractional Method of Examination 

The residuum is removed, the tube left tn situ, and the oatmeal 
gruel swallowed, the time of beginning the meal bemg noted 
Samples of 5 to 10 c c are w itlidrawn every fifteen or twenty 
minutes until the stomacli is empty, usually a matter of two or 
three hours The end of the tube is clipped on to the coat in the 
intervals between the collections Each sample is labelled The 
residuum is examined as previously described Each subsequent 
sample is examined qualitatively for blood, bile starch and mucus, 
and quantitatn ely for free HC1, total acidity, and in special cases 
for total and mineral chlorides The quantitative findings may bo 
plotted as curves 

The difficulties in assessing the significance of traces of blood 
have already been discussed If, however, blood persists in several 
of the fractional samples, the haemorrhage is more likely to bo 
pathological, and not accidental due to trauma by the tube Bile, 
though often present in a normal residuum, does not normally 
appear m the subsequent samples until the stomach is almost 
empty In pathological cases it may appear much earlier on the 
curve, show mg that the pylorus is patent or has relaxed prematurely 
It is a matter of controversy whether m normal individuals regurgita 
tion of duodenal juice not containing bile does or does not occur 
from the physiological standpoint the modern view is that mucus 
plays a more important part than regurgitated fluid in controlling 
normal gastric acidity (see papers in J Pktjstol by MaeLean nnd 
Griffiths, Apperly and Norris, Bolton and Goodhart, from 1028 to 
1936 , consult also references to Lander and Maehgan, IVehn and 
Frisk at the end of this chapter) 

It is an undisputed fact that in pathological cases such 
regurgitation of duodenal fluid does occur, because bile not 
uncommonly appears in early fractions Examination for bile is, 
therefore, important in that it gaes information as to tho state of 
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the pylorus As previously stated, the presence or absence of mucus 
is not usually of much significance, though Hurst lays great stress 
on its presence as evidence of gastritis The test for starch is said 
to enable us to measure the emptying rate of the stomach By this 
test the stomach in healthy individuals empties in. from ono to (vro 
and three quarter hours, with an average of two hours In the 
writer’s opinion however, further investigation is required, because 
he has often found the iodine test for starch positive in all samples 
right up to the point when no more fluid could he aspirated If it 
be true that starch is often present till the stomach is empty, the 
iodine test is obviously^ frequently superfluous The difference m 
observations may be accounted for in part by the method of testing 
for starch If the dilution of the starch is great it will not be 
detected unless very dilute iodine is added drop by drop A prion, 
though it is recognised that gastnc secretion is continuous, it would 
be expected that little or no fluid could be aspirated fifteen minutes 
after all food has passed through the pylorus unless there is hyper- 
secretion No doubt if aspiration was again repeated after an 
additional fifteen, thirty or sixty minutes, gastnc secretion would 
finally be recovered from every subject which was free from starch, 
but in practice the tube is rarely retamed for longer than a total of 
three hours on account of the discomfort to the patient How ever, 
some workers only attach significance to gross clumps of starch, and 
in practice the amount of sediment in the different fractions is 
probably the best guide to the rate of emptying 

The quantitative examination on which most work has been 
done is that for free HCI Bell has made the following 
classification > — 

Achlorhydria Never any free HCI 

Hypochlorliydna Free HCI never above 10 c c N/10 per 
cent 

Hyperchlorby dna One or more points on the curve above 
60 c c N/10 per cent 

On tins basis he has classified the results on 100 normal students 
examined by Bennett and R)le, and his own senes of pathological 
cases These findings, together with a number of others from the 
literature, including those of Moymhan and of Wills, using the Boas 
meal, are collected m the table on p 431 

The numbers in each group are too small to be of value 
statistical!) , but it will be seen at a glance that m pernicious aiwmia 
°nlj is there a constant finding, viz , achlorlijdna , moreover, as 
previously noted, this persists after an injection of histamine and 
after successful treatment by anti anemia factor (liver, etc ) From 
the clinical point of view m this disease all that is necessary is to 
collect the fractional samples and to test each qualitative!) for free 
HCI If free HCI is present, then the diagnosis of pernicious anamna 
is open to serious doubt In the other diseases the same remarks 
a Pply for the fractional method as for the Ewald meal In most 
cases of carcinoma of the stomach there is achlorhydria or hypo- 
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In the writer’s opinion, owing to the considerable Iibour, time 
and expense involved, and the fact that its limitations have been 
established the test should now be restricted to pernicious anosmia, 
to a few special or difficult eases, and to research work 

The total acidity is commonly some ten to fifteen points abo\e 
the free HC1 (expressed as c e N/10 per cent ) If the difference 
between the two estimations is greater than twenty points, it 
generally indicates that organic acids are present This is observed 
when there is stagnation of the gastric contents, as in simple atony 
or carcinoma of the stomach (c/ also remarks on buffer action of 
milk, p 421) 

Chloride estimations give a better measure of the secretory power 
of tbe stomach than acid estimations, but such methods are frankly 
of very limited value m clinical work, though of the greatest interest 
m research They are sometimes of value m differentiating achlor- 
hydria due to regurgitation from other achlorhydrias A case should 
not be labelled achyha unless it has been shown that pepsin is absent 


Alveolar C0 2 Curve after a Test-meal (Bennett and Dodds) 
When hydrochloric acid is secreted into the stomach, the blood 
is left with a greater proportion of basic radicles, but the reaction 
(hydrogen ion concentration) does not alter, because these basic 
radicles are combined with C0 2 and the tension of carbonic acid 
W the blood increases As a result the tension of alveolar C0 2 
likewise increases (see Fig 74) Measurements of the alveolar C0 a 
before and at intervals after a test meal give a curve winch runs 
parallel with the total secretion of HCI (though not with the curved 
of free HCI or total acidity) 



Fro "4 curves of alveolar CO, tension and pf gastric free HCI m two 
healthyeubjccta (one of whom was achlorhydric) following test meals 
(Alter Bennett and Dodds ) 

At first sight this method should bo useful in clinical work, in 
that it would be less unpleasant for the patient than the passage 
of a stomach tube Unfortunately there are two factors which 
greatly limit its routine use In the first place, it is not easy in many 
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patients to secure samples of true alveolar air repeatedly, and, 
secondly, very accurate gas analysis is essential 


THE VALUE OF GASTRIC ANALYSIS IN CLINICAL WORK 

This has already been indicated in previous paragraphs but is 
summarised below « 

The laboratory report is never pathognomonic of any one 
disease The results can only be properly interpreted with a know 
ledge of the clinical findings The chief difficulty regarding the 
quantitative findings for acid and chlorides is that the range of 
variations m healthy individuals is nearly as wide as the range m 
pathological conditions The chief value of an examination of the 
gastric residuum is m cases of suspected carcinoma A foul smelling 
thick resting juice with a large deposit containing charcoal from 
overnight food dibrts altered blood pus and organic acids is 
almost diagnostic but this combination of findings occurs late m 
the disease Rarely tumour cells are found The Ewald meal is 
most useful m carcinoma and duodenal ulcer Most patients with 
malignant disease have achlorhydria or by pochlorhydna but normal 
rfcid findings and even Jiypercblorhydna may occur , thus jn 
carcinoma of the body or cardiac end of the stomach hyperchlor 
hydria may be found Many patients with duodenal ulcer show 
hyperchlorhydria The mam utility of the fractional test meal has 
been summarised by Beaumont and Dodds as follows — 
Examination of the py lone function 
Diagnosis of juxta pyloric ulcers and obstruction 
Diagnosis of carcinoma and investigation of cases of aehlor 
hydna 

The rate of emptying and the presence or absence of bile at 
the different stages gives useful information regarding pyloric 
function The diagnosis of obstruction depends mainly on the 
presence of charcoal and food residues in the resting jtuco and 
the absence of bile , the subsequent fractional analysis is therefore 
generally superfluous The lahornioiy diagnosis of juxtapyJorie 
ulcer depends -mostly on obtaining a ' climbing ” type of curve 
(free HC1 climbs steadily to a high figure) but this type of curve is 
also found occasionally in healthy individuals, and in other patho 
logical lesions and it is sometimes absent in cases of juxta pyloric 
ulcer The diagnosis of carcinoma depends mostly on the examma 
tion of the residuum Achlorhydria can only be satisfactorily 
demonstrated by fractional analysis, but for tins purpose qualitative 
tests for free HC1 are alone essential The writer, tlierefoie, agrees 
with the subsequent remark of the authors quoted viz ‘ The 
fractional test meal is essentially a clinical test almost as much 
can be learnt from the manner in which the specimens are with- 
drawn, and their naked eye appearance ns from the quantitative 
analysis ” In Ins experience, it has been but seldom that the labour 
spent on a thorough chemical examination of the fractional samples 
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has been of real assistance to lus clinical colleagues in making a 
diagnosis In research-find in investigations on the effect of different 
Unes of treatment fractional test meals have been valuable, a fact 
well illustrated bj the series of excellent papers published by the 
group of workers at Guy's Hospital 

Summary of Personal Recommendations 

(1) As a routme method of investigation examine the resting 
juice This will usually give all the information desired in carcinoma 
and in pyloric obstruction In the vast majority of other conditions 
it will indicate whether test meals are likely to be of value or not 

(2) If further examination is required administer an Ewald 
meal Occasionally the results will be helpful but in most instances 
they will not assist or will give no further information than that 
already obtained from the resting juice 

(3) Reserve the fractional method for (a) the demonstration of 
achlorhydria, as in pernicious an&mia (m which qualitative tests 
for free HCl are alone necessary) , (6) folio wmg the results of 
treatment by alkali etc , in special cases (in most patients clinical 
observations alone are sufficient) , (c) research work 


DEFINITION OF TERMS 


One hoar Method 


FMctIon.il Method 


Free HCl 
Achlorhydria 

Hypochlorhydria 

Isochlorhydna or 
normal freo 
HCL 


Absent 

f 1 to 19 e c N/10 per cent 
< 0 001 to 0 069 gm per 
I cent * § 

(°0 to 60 cc N/10 per 
^ cent 

(0 07 to 0 22 gm per cent * 


Hyperchlorhydria 

Total acidity 
Anaeidity 

Hypoacidity 

Taoacidity or 

normal total 
acidity 

Hyperacidity 


f Over 60 c c N/10 per 
< cent 

[Over 0 22 gm per cent * 
Absent . 

1 1 to 29 c c N/10 per cent 
0 001 to 0 109 gm per cent 
(as HCl) • 

3b to 70 c c TS/10 per cent 
0 11 to 0 26 gm per cent 
(as HCl) * 

Over 70 c c N/10 pier cent 
Over 0 ”6 gm per cent 
(as HCl) ♦ 


Absent throughout 
Never above 10 c c 
N/10 per cent {- 0 04 gm 
per cent as HCl) t 
Ranges between 11 and 60 
C c N/10 per cent 
3r 0 04 and 0 22 gm 
cent as HCl t 
One or more points above 
C c N/10 per cent 
r 0 22 gm per cent f 


per 


Absent throughout 
Nei er above 20 c c 
N/10 per cent (= 0 07 gm 
per cent as HCl) * 

21 to7D c c N /ID per cent 
or 0 OS to 0 26 gm per cent, 
as HCl • 

Over 70 c c N/10 per cent. 
Over 0 2° gm per cent as 
HCl* 


Tl e writer has been unable to trace any convention in this matter Tl o 
above is suggested 

, 5 cc per oont has been selected as the boundary between hypo 

ctOorhydno. and isochlorhydna because though there is no definite statement in 
the literature the impression received from studying the discussions in papers is to 
tl at effect 

t Boll s class fication 


Achylia 

Absence of freo HCl and of pepsin with low cl londe values * e absence of 
gastric secretion 
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Relationship of “active HC1 ” (active acidity ’) to total acidity. 

(Free HCl (II) "1 

i i „ (T « I HCl combined with proteins >“ Active HC] * 

Total acidity {1)1 A „ d J 

[_ Organic acids 

Relationship of “ active HCl ” to chlorides. 

{ Observed mineral chlorides (XVJ 

“ Active HCl ’ JhC? ^mbined with proteins 

(^Acid salts (phosphates) 

If total acidity (I), free HCl (II), total chlorides (III), and 
mineral chlorides (IV) are estimated, and each is expressed in the 
same terms, either as c c N/10 per cent , orasgm percent calculated 
as HCl, we can calculate the following by difference — 

“ Active HCl ” (active acidity l ) from total chlorides (III) 
minus mineral chlorides (IV) 

Organic acids, from total acidity (I) less “ active HCl ” ( (III) 
ramus (TV) ) 

HCl combined with proteins plus acid salts, from. “ active 
HCl ” ( (III) minus (IV) ) less free HCl (II) 

If there are no organic acids the total acidity will he the same 
as the “ active HCl ’’ (total less mineral chlorides) If the active 
HCl (total less mineral chlorides) is appreciably greater than the 
total acidity there is something wrong m the analysis or in the 
calculations The following are examples of such calculations — 


Fluid A 


II Free HCl, c c N/l 0 per cent 43 

I Total acidity, c e N/10 per cent 55 

III Totalchlondo.ee N/10 per cent 19 

IV Mineral chloride co N/10 per cent 25 

III-IV “ Active HCl, 1 c c N/10 per cent 54 

I-/III-IV) Organic acids, c c N/10 per cent 1 

[IH-IVyll HCl combined with proteins (plus acid salts) c c 

N/10 per cent , 11 


II lid B 
0 
46 
52 
38 
14 
32 

14 


TECHNIQUE OF THE SIMPLER TESTS 
The unfiltered juice is used for testing the reaction, and for free 
HCl (qualitatively only), blood and starch The deposit (centrifuged 
if necessary) is examined microscopically Tests for bile should be 
made on the precipitate or the filtrate, or both, when there is the 
least suspicion of a yellow tinge For quantitative estimation of 
free HCl, total acidity, total and mineral chlorides, the filtrate is 
used Tests for lactic acid are hhev lse performed on the filtrate 


Methods of Clearing Gastric Contents 
Srniplo filtration through paper is generally slou, but usually 
suffices when examining the gastnc residuum or the one hour 

1 When ashing gastric contents for tho estimation of mineral chlorides free HCl 
and HCl combined with proteins is volatilised , but furtliermore acid phospliates 
interact with neutral chloride to yield neutral phospliates and HCl which is driven 
oft That is why acid salts am included m ' active HCl which would bo bottor 
described as “ act no acid Tho acid salts, however, are present in traces only, 
and in practice may bo disregarded 
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sample Centrifugmg is much quicker, but it is often difficult to 
obtain a satisfactory separation of mucus, which tends to rise 
towards the top Centrifugmg plus filtration is frequently satis 
factory Another device which was shown the writer by one of 
Sir F Go w land Hopkins’ pupils is illustrated m Fig 75 This 
method is particularly valuable in clearing the small samples 
obtained m the fractional method but requires a little practice The 
test tube should have a stout wall, and the wad of absorbent 
cotton wool must be very tightly packed and about an inch thick 
The wad is pushed down with the glass rod till it reaches the surface 
of the fluid a pause is made till the wool is wetted a little, and then 
the wad is slow ly pushed 
through the liquid The fluid 
which passes through and lies 
above the wool is generalh 
clear A syringe {B in Fig 75) 
may he used m the same way, 
and is more convenient _ It is 
advisable to lubricate the 
piston with liquid paraffin To 
remove the plug from the 
barrel, the piston is pulled out 
sharply, when the plug will 
follow about halfway up the 
barrel, when it is easily 
removed with forceps The 
simplest and most satisfactory 
method of all (C in Fig 75) is 
to put a fairly tight plug of 
wool above the fluid in a non 
tapermg centrifuge tube and 
then to centrifuge at high 
speed for fifteen m mutes or 
longer until the wool has been 
driven down, carrj mg with it 
all mucus (D in Tig 75) 

Fluids containing large amounts of mucus (usually from neglect 
to instruct the patient to avoid swallowing saliva) are unsatisfietorj 
for quantitative analyses The writer has found in such specimens 
that big variations may result solely from sampling Thus the 
mineral chlorides in one portion containing little mucus may appear 
higher than the total chlorides in another portion containing much 
mucus — an absurd finding 

The Individual Tests 

^Jsote^ odout, colour (bile, tJlood), consistency (mucus), and 

Test reaction to litmus 
Free HC1 (quahtative) 

(o) Thymol Blue To | in column of the gastric fluid in tir test- 
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tube add a few drops of 0 1 per cent thymol blue solution If a red 
colour develops free HC1 is present 

(6) Ghnzburg’s Test Preparation of reagent Mix 6 drops of 
10 per cent phloroglucm in absolute alcohol Mith 3 drops of 10 per 
cent vanillin in absolute alcohol 

In a porcelain evaporating basin place 1 drop of the gastric 
fluid and immediately after 1 or 2 drops of Gunzburg’s reagent and 
mix at once Put the basm on a boiling water bath and allow the 
contents to dry completely A brilliant red colour mdi cates the 
presence of free HC1 

(c) Topfer’s Test To \ in column of the gastric fluid in a test 
tube add a few drops of Topfers reagent (£- per cent dimethjl 
aminoazobenzene in 96 per cent alcohol) Free HC1 is present if 
the mixture turns red 

Gunzburg s reagent is the most specific for mineral acid (Hydro 
ehloric is usually the only mineral acid present, but tests for ‘ free 
HC1 ” Mould, of course be positive if free sulphuric was present, 
e g , after swallowing this acid) Thymol blue (pH range 1 2 to 2 8) 
is more satisfactory than Thpfer s reagent (pH range 2 D to 4 2) 
The lattor v> ill give positiv e reactions with lactic acid in concentrated 
solution Thymol blue is recommended for routine work 

Lactic Add 

Uffelmann's Test In a beaker or flask mix tu o test tubes full 
of distilled Mater one test tube full of 5 per cent carbolic acid and 
1 or 2 drops only of 10 per cent feme chloride to produce a purple 
colour The solution must be prepared afresh each time and is 
stable only for a few mmutes 

Add the gastric filtrate drop by drop to a 1 in column of the 
reagent in a boiling tube till no further colour change takes place 
A canary yellow colour due to ferric lactate indicates the presence 
of lactic acid The test should be done by daybght Distilled n atcr 
is essential 

Qualitative tests for lactic acid are unsatisfactory More elabo 
rate methods than Uffelmann’s have been devised but it is debatable 
whether the fare of practical value ehmcahj' Maclean has ad % pled 
Hopkins’ thiophene test for use Math gastric contents, and Dge lias 
introduced a method of quantitative estimation of lactic acid, 
utilising his determination of the relative solubility of lactic acid m 
m o£er and in ether If free HC1 is found in more than traces tests 
for lactic acid arc superfluous, since lactic acid is not formed if free 
HC1 exceeds 20 c c 3ST/10 per cent 

Bile Pigment (Bilirubin) 

Bile may bo obvious from the naked eye appearance after a 
test meal of oatmeal gruel Toast, however, often gives rise to a 
brounrdi colour, apart from bile If the gastric contents bo alloued 
to stand, a green colour may develop spontaneously , making te«ta 
fin bihrubm unnecessary 21ns green colour is duo to bilivcrdm, 
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which has been formed by the action of the oxygen of the air on 
bilirubin The detection of bilirubm depends either on its oxidation 
to bihverdm and other coloured oxidation products, or on the 
formation of azobihrubin, which is an indicator of a purplish red 
hue m moderately acid solution The bile may be in the filtrate, or 
adsorbed on the precipitate 

(а) Examination of Filtrate by Iodine Ring Test Perform a 
ring test, floating tincture of iodine {see Appendix) diluted 11101 
an equal quantity of distilled water, on the surface of the filtrate 
A green ring indicates bile pigment 

(б) Examination of Precipitate by Gindin's Test To some of 
the precipitate on the filter paper add 1 or 2 drops of concentrated 
nitnc acid If bile be present, a play of colours will result, ranging 
from yellow to blue, green or blue being the essential colour 

Nitric acid may be used as a ring test with the filtrate (cf 
examination of urine for bile pigment, Chapter II) 

(c) Van den Bergk s Test (cf Chapter XII) ( 1 ) Extract a 
portion of the precipitate with 3 to 5 c c of alcohol by shaking 
well and filtering or centrifuging ( 11 ) (If the gastric filtrate is 
alkaline to about 3 c c add hydrochloric acid (about N/10) drop 
by drop till acid to litmus ) To the acid gastric filtrate, about 
3 c c add 2 volumes of alcohol about 6 c c , mix, and filter or 
centrifuge 

To the alcoholic extract from ( 1 ) or (u ), add J volume of Van 
den Bergh s freshly prepared diazo reagent (cf Chapter XII) and 
allow to stand for a few mmutes, tdl the maximum colour has 
developed 

A red or purplish red (or purple blue if the original gastric 
contents were very acid) colour is obtained if bilirubm (or 
biliverdin) be present 

Blood 

(a) Benzidine Test Place aim column of the gastric fluid m 
a test tube taking care to include any red or brown specks which 
look like blood and boil Cool and neutralise with NaOH (approxi 
mately N/10) if acid using litmus paper as external indicator 
Perform the benzidine test with some of this suspension as described 
under occult blood in feces (Chapter XXIV) 

The benzidine reaction may not succeed in suspensions 
containing free hydrochloric acid, hence the necessity ^r 
neutralising If there is any product of red meat m the gastric 
contents the test will be positive apart from blood The test is 
therefore of no significance if meat fibres be noted in the microscopical 
examination 

The benzidine test is really too sensitive when apphed to gastric 
contents Positive results are the rule rather than the exception, 
and often are probably due to trauma by the stomach tube though 
the writer has found that the original oatmeal gruel itself gives a 
weakly positive benzidine reaction (after boiling) In clinical work 
the naked-eye appearance and microscopical examination usually 
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suffice, though the nature of any doubtful brown lumps may be 
decided by the acid porphyrin test 

The pyramidone test ( cf Chapter II) is unsuitable for gastric 
contents because HC1 alone gnes a positive result 

(b) Acid Porphyrin Test In the presence of red or brown 
specks, or of “ coffee grounds,” the simplest and most rapid test is 
the following Separate the specks or “ coffee grounds,’ together 
with other suspended matter, by centrifuging Add the sediment 
drop by drop to a \ m column of concentrated sulphuric acid m a 
test tube, and shake to dissolve Note the colour of the solution 
and examine it spectroscopically If blood is present, acid 
protoporphyrin is formed, and the solution becomes a reddish 
purple and shows the characteristic absorption bands (For 
spectrum see p 212 ) 

(c) Hcemochromogen Test Separate any brown or red lumps by 
centrifuging as m (b) Treat the deposit and a few cubic centimetres 
of supernatant fluid with 40 per cent NaOH until strongly alkaline 
Warm, cool and add a few drops of yellow ammonium sulphide 1 
Examine with the spectroscope for the absorption spectrum of 
h'emochromogen [cf p 212) 

The brown lumps or specks m, or the brown colour of, gastric 
contents containing “ altered blood ’ are due to luematm, acid 
neutral or alkaline according to the reaction Commonly the 
Incmatm is in suspension and is thrown down by centrifuging but 
sometimes it is in solution or colloidal suspension The above 
tests are important because a brown colour may be due to the 
pigment of food or drink, e g , coffee, tea, cocoa, toast, etc 

Starch 

To a few drops of the unfiltered gastric contents add a very 
dilute solution of iodine (N/50 or even more dilute) drop by drop, 
and shako A blue colour demonstrates the presence of starch, 
winch may be in solution or enclosed in some of the white lumps in 
suspension 

Quantitative Estimation of Free HC1 and Total Acidity 

If the gaBtnc filtrate is alkaline or neutral to litmus, obviously 
the acidity is ml If acid, proceed as follows — 

(a) Using Thymol Blue To 10 c e of filtrate m a boiling tube 
add 4 or 5 drops of 0 1 per cent thymol blue, and titrate with N/10 
sodium hydroxide till the solution is no longer red (free HC1 
neutrabsed) The colour sequence is red, orange, yellow The 
titration is complete when reddish-orange gives place to yellow 
orange, t e , when there is no longer any red tinge Suppose rcc 
of NaOH are required Then continue the titration, when the 
solution wdl change from yellow to green and finally to blue 

1 Or a knife point of solid sodium hydrosulplnte Na r S,0, and a drop of ammonia 
solution m caso tho gastric sample lacks a lx containing substance to combine with 
alkaline reduced liuraatin to yield a beemochromogen 
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Titrate just to a full blue, tvhen the total acidity will have been 
neutralised Suppose a total of y c c of NaOH are required 

Calculation Since 10 c c of filtrate are used, 100 c c of gastric 
juice will contain 10 X x c c of N/10 free HC1, and 10 X y c c of 
N/10 total acid or 10 x x X 0 00365 gm of free HC1 per cent , 
and 10 X y X 0 00365 gm of total acid per cent calculated as 
HCI (For ready reckoner, converting c c N/10 per cent mto gm 
per cent (as HCI) see Appendix ) 

If 10 c c of filtrate cannot be obtained, or is not available as m 
the fractional method, the titration may be performed on 2 c c 
of filtrate using a 2 c c microburette for the caustic soda 
Alternatively an ordinary burette and 0 01 N alkali may be 
employed 

Colo and Adie introduced a more accurate, though more elaborate 
method of performing the above titration, using standard solutions 
of hydrochloric acid plus thymol blue for comparison In clinical 
work however this is really unnecessary, and is often not very 
much more accurate owing to the. difficulty of matching with 
standards gastric filtrates which are either not quite clear or tinged 
with bile 

Thymol blue is a double range indicator and covers both free 
HCI and total acidity Alternatively, Gunzburg’s reagent may 
be used as an external indicator for free HCI followed by 
phenolphthalem for total acidity The method is however, too 
tune consuming for routine use Similarly Topffir’s reagent may 
bo used for free HCI followed by phenolphthalem for total acidity 
The method is not quite so good as the thymol blue method, but 
has been widely employed 

(6) Using Topfer’s Reagent and Phenolphthalem To 10 c c 
of filtrate add 4 or 5 drops of TOpfer’s reagent, and titrate with 
N/10 NaOH till all the red colour has gone — free HCI neutralised 
by x c c of NaOH The colour sequence is the same as with thy mol 
blue viz , red orange, yellow and the end point is the same, t e , 
when there is no longer any red tinge Then add 3 or 4 drops of 
1 per cent alcoholic phenolphthalem and continue the titration 
till a definite red tinge replaces the yellow — total acidity neutralised 
by w c c of NaOH The. cateuIaJUntLia. the mme as. ttutfc given, under 
the thymol blue method Tiie difficulty with b'oth the methods 
described is that the end points with gastric juice are frequently 
not sharp This is perhaps even more true for the second than for 
the first method The Becond method tends to give slightly higher 
results as w ill be understood from the respective pH ranges of the 
indicators — 

Thymol blue 1 2 to 2 8 and 8 0 to 0 6 

Thpfer s reagent 2 9 to 4 2 

Phenolphthalem . 8 3 to 10 0 

When recording the figures, the results should be expressed as 
so many c c of N/10 acid per 100 c c of gastric contents, or so 
many gm per cent (as HCI) It is inaccurate to express tho results 
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os so man} c c of N/10 NaOH per cent , because gastric juice does 
not contain NaOH, though this last notation will frequently be 
found in text boohs and in medical literature ! 

Wheneter there is any doubt as to the presence of free HCl, always 
perform. G&nzburg’s reaction (p 437) and decide from the result obtained 
by that test 

Total Chlorides 

To 10 c c of filtrate add 1 5 cc of N/10 stiver nitrite about 
2 e c of concentrated mtnc acid, and 5 or G drops of saturated 
potassium permanganate Boil Add more permanganate drop bj 
drop, boiling between each addition till the firnd is well decolonsed 
Axoid adding an excess of permanganate, which will produce a 
permanent pink (If this should happen a trace of solid potassium 
oxalate may be added to remove the excess of permanganate, but 
with a little practice this should rarely be necessary ) Cool 
thorouglily Add 4 or 5 drops of 30 per cent ammonium iron alum 
sol u t lop, and bach titrate with N/10 potassium thioejanate solution 

Example of calculation To 10 c c of filtrate 15 c c of N/10 
AgN0 3 were added Bach titration with N/10 potassium 
thiocyanate, 4 7 c c 

3 c c of N/10 KCNS reacts with 1 c c of N/10 AgN0 3 , 

47 , „ „ „ 47 „ 

AgN0 3 combined until chlorides equals 15 — 47 = 10 3 c c N/10 

10 c c of gastric filtrate contain the equivalent of 10 3 c c of 
N/10 chloride, 

100 „ „ „ „ „ equivalent of 103 cc of 

N/10 chloride 

Result Total chlorides equal 103 c c N/10 per cent or 0 370 gm 
per cent calculated as HCI 

Mineral Chlorides. 

Place 10 c c of gastric filtrate m a platinum dish and heat to 
dryness on a boiling water bath or electric hot plate Heat 
carefully with a Bunsen till the contents are completely carbonised , 
then heat w ell till a grey black ash results, but do not raise to red heat, 
lest inorganic chlorides be volatilised Wash the ash quantitatively 
into a small beaker with distilled water, and add 10 c c of N/10 
silver nitrate, about 2 c c of concentrated nitric acid, and 5 or 
G drops of 30 per cent ammonium iron alum Mix well stand 
for a few muiutes and back titrato w itli N/10 potassium thioc} anatc 
The calculation is similar to that given under total chlorides 

Example Back titration w as 4 G c c Therefore mineral 
chlorides m 10 c c of filtrate = 10 — 46 = 54cc N/10 Result 
Mineral chlorides equal 51 c c N/10 per cent, or 0197 gm per 
cent calculated as HCI 

Acti\e acid (HCI) equals total chlorides less mineral chlorides 
Therefore active HCI equals 103 — 54 = 40 c c N/10 per cent or 
170 9 gm per cent HCI 
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In estimating mineral chlorides the filtrate is ashed so that free 
HCl and HC1 combined with proteins is volatilised (c/ also footnote 
onp 435) 

The above methods may be used for 5 c c , 2 c c , or even 1 c c of 
gastric filtrate with proportionately smaller amounts of reagents, 
using a microburette for the thiocyanate Patterson lias modified 
the technique so that 0 2 c c of gastnc filtrate is employed m each 
of the two determinations This modification is recommended for 
fractional analysis 

Total Chlorides (Patterson’s micro-technique) 

Measure accurately 0 2 c c of gastric filtrate, using a blood 
pipette calibrated “ to contain ” Discharge into 3 c c of pure 
mtnc acid m a wide test tube, washing out the pipette by sucking 
up the acid three or four times Add 1 cc of N/30 silver nitrate, 
4 c c of pure acetone and 3 drops of saturated iron alum solution 
Mix well and back titrate with N/30 ammonium thiocyanato m 
67 per cent alcohol 

The acetone is added to make the end point sharper The N/30 
silver nitrate is conveniently prepared from an N/10 solution by 
dilution with water and the thiocyanate from an N/10 solution 
by dilution with about 2 volumes of absolute alcohol The 
thiocyanate must be checked against the N/30 silver nitrate m the 
usual way 

Calculation Using solutions of exactly N/30 concentration, if * 
be the number of c c required m the back titration, then (1 — x) X 

~ x | equals the number of c c of N/10 chloride per 100 c c of 

gastnc filtrate To convert into gm per cent as HCl, multiply by 
0 00365 (see Appendix) 

Mineral Chlorides (Patterson's micro-technique) 

Measure 02 cc of gastnc filtrate into a small thin walled 
porcelain crucible with the aid of a blood pipette Blow out the 
contents of the pipette as completely as possible, and then rinse 
out with 3 or 4 drops of distilled water, adding these waslungs to 
the crucible Evaporate to dryness on a boiling water bath or 
electric hot plate Heat the crucible carefully over a Bunsen tiU 
the contents are completely carbonised , continue heating for 
another five minutes, but do not raise to a dull red heat, lest mineral 
chloride be lost by volatilisation Cool and wash out the grey black 
ash into a wide test tube with 2 or 3 c c of distilled water Add 
an equal volume of nitric acid, 1 c c of N/30 silver nitrate, 4 c t 
of acetone, and 3 drops of saturated iron alum solution Shako 
well and back titrate with N/30 alcoholic thiocyanate 

The calculation is the same as for total chlorides The only 
part of the procedure that requires much practice is the ashing 
If the temperature is not raised sufficiently high there is a n*k of 
protein HCl not being dnven off If a dull red heat is attauied, 
mineral chloride is often volatilised 



GASTRIC ANALYSIS 


443 


Pepsin is estimated by digesting either egg white {Mett’s tubes) 
or hemp seed protein (cdestm), or the globin of a haemoglobin solution 
(Anson and 3Iirsky) For the details of technique the reader is 
referred to larger works 

Microscopical Examination. 

This is hardly a chemical procedure, but the chemical pathologist 
often must be able to carry it out m order to interpret fully some of 
his chemical findings, e g , when tests for blood are positive 

A drop of the deposit, obtained by centrifuging or by allow mg it 
to settle to the bottom of the container, is mounted under a co\cr 
slip, and examined for — 

(a) Cells (W bc.Rbc, epithelial cells and tumour cells) 

(b) Tood residues (starch granules, meat fibres, \ egetable remains, 

charcoal granules, casern curds, etc ) 

(c) Organisms (Boas Opplcr bacdh, sarcm*c and yeasts) 

As previously mentioned, the fasting juice is really the only 
sample worth examining microscopically After a meal, httle is 
seen as a rule except the remains of that meal After an Ewald 
meal the field is usually a mass of starch granules, together with a 
lessor number of yeast cells, both derived from the toast In infants, 
after milk feeds, casein curds alone are visible Of course, m all 
samples there are numerous ody droplets of the liquid paraffin used 
for lubricating tho tube 

Leucocytes (w b c ) are almost a constant finding in the resting 
juice, due m most cases to the swallowing of saliva Certainly 
groups of leucocytes in strings of mucus maj safely be discounted, 
but occasionally there is true pus, clumps of leucocytes in varying 
stages of degeneration and not surrounded by mucus This is a 
common finding in carcinoma of the stomach 

The criteria laid down (see “ Urinary Deposits,” Chapter IV) 
for the identification of erythrocytes (r b c ) must be carefully 
observed otherwise globules of liquid paraffin and amorphous 
debris may mislead the beginner The. significance of red blood 
corpuscles has alreadj been discussed under the heading of blood 
On the whole, corpuscles are probably not so significant as altered 
blood Swallowed corpuscles, however, will rapidly be lysed, and 
acid hfematm “ (altered blood)” will be formed if there is more 
than a trace of free HC1 in the stomach For this reason one 
cannot expect to see erythrocytes when the samples received for 
analysis are strongly acid 

As mentioned before, squamous epithelial cells are of no 
significance, being derived from the mouth or pharynx, but gastric 
epithelial cells are pathological Occasionally large endothelial 
cells which contain numbers ot phagocyted black particles are seen 
in gastric deposits These cells may also be seen in sputum, and are 
derived from the lungs, the black particles being pieces of carbon 
inhaled with dust This point is of importance, because such cells 
might WTonglj be interpreted as wandering cells with phagocyted 
blood pigment originating from the stomach Fragments of gastric 



444 


CHAPTER XXII 


epithelium or isolated gastric epithelial cells may be seen in carcinoma 
ventncuti or m gastritis Tumour cells are very rarely seen, but are 
diagnostic 

Starch granules are readily recognised by their concentric 
lamination, or, if necessary , by adding iodine which turns them 
blue black As previously mentioned, starch is always found one 
hour after an Ewald meal Meat fibres are likewise easily detected 
by their transverse stnation and brown colour ( cf Fig on 
p. 272) The walls of the cells in vegetable remains are tlnck and 
refractile (Chapter XXI V) Casern curds appear as masses of 
amorphous white fluffy particles of different sizes , once seen they 
are easily recognised In the fasting juice none of these food residues 
is normally present, except for occasional vegetable remains In 
carcinoma and pyloric obstruction residues of food may he found 
which, from the history, must have failed to pass the pylorus for 
man} hours, or even several days 

Normally when a charcoal biscuit is given the previous night, 
no trace of charcoal granules should be found m the fasting juice 
next morning The finding of charcoal, therefore, has the same 
significance as the discovery of food residues In the fasting juice 
food residues are looked for in order to obtain some indication of 
the motility of the stomach or of the functioning of the pylorus 

The discovery of Boas Oppler bacilli was at one time thought 
to be an important pomt m the diagnosis of carcinoma, but it is 
now generally agreed that the examination of the flora of the 
stomach m any gastric sample is of little or no value elmicall} 
Sarcinai are sometimes observed in simple dilatation of the stomach 
and other conditions, but are general!} absent in carcinoma, and 
it was this last pomt that used to be considered of value M 
mentioned before, yeast cells are commonly seen in the one hour 
test sample and are derived from the toast , the} are of no 
significance 
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THE CHEMICAL EXAMINATION OF THE 
"" DUODENAL CONTENTS 

Books and General References. Lyon’s Non surgical Drainage of 
the Gall Tract 

Chiray and Lebon a Le Tubage Duodenal 
Einhom’a The Duodenal Tube 
Meakins, J , Bril Med J , 1922, 1 , 983 
Kellogg’s The Duodenum 

Duodenal intubation may be employed in order to study the 
secretions of the duodenum, of the pancreas (cj Chapter XIH), or 
of the liver (c/ Chapter XII) Unfortunately, mixtures of these 
thuds in varying proportions, together with unknown amoiuits of 
gastric contents which have passed through the pylorus, are obtained 
Some degree of separation may be secured by first emptying the 
stomach secondly, aspirating the duodenum, and, thirdly , 
stimulating the output of bile by administering magnesium sulphate 
solution and then aspirating again Lyon has claimed that it is 
possible to obtain fractions after the magnesium sulphate winch 
correspond to the bile, A from the bile ducts, B from the gall bladder, 
and C from the liver, but other workers do not agree that the bile 
from these three sources can be fractionated successfully The 
duodenal tube may also be employed therapeutically, either as a 
means of draining the bile passages, or to introduce food or drugs 
directly into the duodenum, or for washing out the duodenum 

I he fluids aspirated may be examined bacteno logically (eg, 
or the typhoid bacillus and other organisms), microscopically, or 
chemically Under the chemical examination may be included 
ests for certain drugs, a line of investigation winch has been little 
exp ored, and w Inch may provide information of great pharma 
cological and physiological interest and of clinical a aloe The 
excretion in the bile of urotropin, of phenoltetrachlorphtlialcm and 
other dyes (cj Chapter XII), and of arsenic after injection of organic 
c ° m P° un ds (Marteus and Kocrs) may be cited as examples 
le chief value in clinical work of chemical examination of the 
duodenal contents is m diseases of the pancreas and its ducts, or 
of the bile ducts and gall bladder 

THE TECHNIQUE OF INTUBATION 
The duodenal tube is similar to a stomach tube, but longer 
It is usually of the flexible type with a metal olive at one end 
( inborn, Rehfuss or Ryle’s pattern), and a syringe, or apparatus 
lor continuous suction, at the other end It is marked w ith rings, 
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as in the case of the stomach tube (see Chapter XXII), and also at 
distances of 28 and 32 in from the oh\e The length of tubo from 
the duodenum to the teeth vanes, but is commonly about 28 in 
After night’s fast, the tube is pissed into the stomach (for 
instructions, see Chapter XXII), and the gastric residuum is 
removed as completely as possible The stomach is then washed 
out with warm water, the washings being aspirated thoroughly 
The patient is then instructed to he on his right side, and to read a 
book or otherwise to divert his attention pleasantly It is important 
for the operator to employ all means in his power to counter the 
patient’s nervousness Time is then allowed for the natural move 
ments of the stomach to force the metal olive and the end of the 
tube into the duodenum Usually this takes from half to two 
hours The passage into the duodenum is best verified radiologicaliy, 
but may frequently be ascertained by withdrawing a little fluid 
from timo to time with the syringe When bile stained fluid which 
is alkaline m reaction is obtained the tubo is probably in the 
duodenum To check this the patient may be given a little coloured 
w ater, milk, or w me to drink If this can be recovered immediately 
by aspiration, the tubo is still in the stomach 

The duodenal contents are aspirated as thoroughly as possible 
Lyon recommends the preliminary injection of about 30 co of 
air down the tube to prevent tho mucous membrane becoming 
sucked tightly against tho olive 

In order to recover bile from the bile passages, 50 to 100 cc 
of 25 per cent magnesium sulphate are injected down the tube 
Lyon finds that magnesium sulphate is tho best stimulant, and 
then in order olive oil (1 oz ) and 10 per cent peptone, though 
many other substances (sodium sulphate, sodium citrate, sodium 
chlonde, calomel, glucose solutions, hy drochlonc acid, etc ) 
apparently act similarly to a lesser degree Bile may be secured 
in from two to ten minutes Lyon’s description of the three fractions 
is as follows The colour of the first fraction is pale yellow, its 
volume is normally about 10 to 30 c c , and the time required for 
its extraction is about one to three mmutes from the start of the 
flow As soon as the colour deepens noticeably the collection of 
the second sample is begun Normally, 10 to 75 c c can be obtained 
As aspiration progresses the bile -flows more intermittently, and 
becomes darker and more viscid When the fluid again becomes 
lighter m colour the collection of the third sample is started The 
bile is now obtained \ ery intermittently , and is thinner and usually 
transparent From a few cubic centimetres to several ounces may 
be obtained 

The whole process frequently occupies three or more hours, and 
this is the mam objection to its clinical employment Occasionally , 
owmg to spasm or obstruction of the pylorus, it is impossible to 
enter the duodenum It is then advisable to verify the position of 
the tube radiologicaliy Pyloric spasm may be overcome by an 
injection of atropine, or by a course of belladonna for the three or 
four preceding day s Simple kneading of the stomach from left to 
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right may produce the desired result The olive generally lodges 
finally m the second part of the duodenum, but occasionally ma} 
reach even further if too great a length of tube is swallow ed 

Tn addition to an examination of the fastmg duodenal contents, 
fractional tests may be earned out after a meal, on the same principle 
as fractional analysis of the stomach contents (Baird et al ) 

If little or no fluid is obtained, stimulation by water (1 oz ), 
dilute alcohol (10 to 30 c c of 10 per cent ), N/10 hydrochloric acid 
(about 5 c c ) or ether (1 to 4 c c injected slow ly down the tube) 
may be tried The subcutaneous injection of secretin has ako been 
recommended Usually these provocative measures are unnecessary , 
but should he employed before concluding that the absence of 
secretion is due to a complete obstruction of the pancreatic and of 
the bile passages Ether causes congestion of the mucosa, so it 
might start a serious lueraorrhige if a duodenal ulcer were present 


EXAMINATION OF SAMPLES WITHDRAWN 

The exammation of the gastric residuum Ins already been 
described m the last chapter The stomach washings may be 
discarded The investigation of the duodenal contents 'obtained 
without stimulation, and of the bile obtamed after magnesium 
sulphate requires special description 

In each case the reaction to litmus, the volume obtamed, the 
colour, and the naked eye appearance are carefully noted Whcthei 
the fluid be transparent, or opalescent, or contains flakes or lumps 
of mucus or clots of blood, or “ calculms,” is observed, and any 
peculiar particles are removed for microscopical examination In 
addition each sample is centrifuged, and the sediment (if any) u> 
inspected under the microscope This should be done witlun a few 
minutes of the recovery of each sample, since the cells may be 
digested rapidly by the enzymes It may be said at once that this 
preliminary macroscopic and microscopic investigation often gives 
as much or more information than the more elaborate chemical 
tests 


The Duodenal Juice (no magnesium sulphate) 

The alkalinity may be measured by titration of a known volume 
of duodenal fluid with N/10 hydrochloric acid Sucli a wide range 
of \ nriation 13 obtained however, that the estimation is of little 
value This is to be expected owing to the difficulty of prey eating 
ingress of gastric juice Darnade, using methyl orange as indicator, 
obtamed y alues ranging from 14 to 125 c c of N/10 alkali per 100 c c 
of duodenal juice Qualitative tests with indicators (litmus phenol 
phthalem brom thymol blue, phenol red, or methyl orange, etc ) 
are useful as a rough guide to the reaction (for pH ranges of these 
indicators see Appendix), m that they give information as to tho 
likelihood of admixture with gastric juice, and as to tho necessity 
for adjustmg the reaction before testing for enzymes, etc 
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Tor clinical purposes the colour is general!} a sufficient indication 
of fcho presence and approximate quantit} of bilirubin Qualitative 
chemical tests may be performed as for bilirubin in urine (see 
Chapter II), and quantitative methods as for bilirubin in blood 
(sec Chapter XU, and Chiray and Lebon’s booh) 

Tor bile-salts the same tests may be used ns with unnc (see 
Chapters II and XII), or a stalagmometer may be emplo} ed to 
measure the number of drops given by 1 c c of duodenal fluid, the 
apparatus having been previously cabbrated with distilled water 
Carnot and Hauban have applied Hay s test to a senes of dilutions 
of duodenal juice, and have thereby obtained an approximately 
quantitative measurement (see Chiray and Lebon’s book) 

For methods of detecting blood, see Chapter XXII 
Cholesterol maj be estimated by the technique used for blood 
cholesterol (Chapter XIX) 

An increase of proteins maj he shown by the usual tests (see 
Chapter II), and occurs m infective or suppurative lesions of the 
duodenum, gall bladder, bibary or pancreatic ducts 

Tests for enzymes, however, are the most important of all the 
chemical methods of examining duodenal juice, m that the} give 
the most information about the external pancreatic secretion 
Examination should be made on the day of the intubation 
Coope and others maintain that qualitative tests alone are worth 
making owing to the unknown dilution of pancreatic juice by bile, 
by duodenal secretion, gastric juice, etc Of the qualitative tests 
it is generally agreed that those for diastase are of the least value, 
owing to the risk of admixture with salivary ptyahn For trypsin 
the X*ray plate method given in the next chapter and for lipase 
the method of Carnot and Mauban («ee Chapter XUI), mi} bo 
recommended as Bimplc Systems of quantitative analyses for all 
three enzymes have been devised b} Lucders and Bergcim (sco 
Chapter XV of Lyon’s book), and b} Okada el al , but since further 
investigation is required before their true clinical value can be 
assessed, tho reader is referred for details to tho papers quoted and 
to Cluray and Lebon’s book A point not mentioned by an} of the 
above authorities is that diastase ma} readily lie estimated by 
Wohlgemuth's method ( sco Chapter XIII) 


Bile obtained after Stimulation by Magnesium Sulphate 
Tho same chemical tests ma} lie applied, though, m general, 
examination for bilo pigments and bile salts are important, whilst 
tests for enzymes are of no value Tho most important data are 
obtained from tho volume and general appearance, and bj the 
microscopical and bacteriological examinations The last is outside 
the fteopo of this book, and the mncroscopical examination has 
atread} been discussed There remains for description, therefore, 
the microscopical examination Lyon claims that separate 
examinations of the A, B, and C bile often show m which part of the 
gall tract the pathological lesion exists 

cut* wrmoM. IS 
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THE MICROSCOPICAL EXAMINATION OF DUODENAL 
FLUID OR BILE 

The centrifuged deposit of a normal fasting duodenal juice 
contains more epithelial cells than anything else Some of the«e 
are squamous (from the mouth, etc ) and are of no significance 
The rest are cylindrical or irregular m shape, and are derived from 
the stomach and duodenum, or rarely from the biliary or pancreatic 
passages There are often a few leucocytes and a fair quantity of 
mucus According to some workers, it is not uncommon to find a 
very few crystals of cholesterol, calcium bilirubinate, or calcium 
oxalate in health (cf Hunt) There are no food residues 

In catarrhal jaundice there is an increase mainly of epithelial 
cells In infective and suppurative conditions of the bile passages, 
pancreas or duodenum there is a general increase of cells, with a 
large number of leucocytes and occasionally red blood corpuscles 
In cholelithiasis there is sometimes an excess of cholesterol crystals 
and it is to secure this observation in particular that duodenal 
intubation is undertaken when the presence of gall stones is suspected 
clinically In certain cases of cholelithiasis * calcuhns,” or minute 
calculi may be visible to the naked eye as little brownish granules 
entangled in mucus These are fairly readily compressed between 
cover slip and slide and may or may not show the typical notched 
crystals of cholesterol (Fig 19, p 57) when viewed under the 
microscope They are partially soluble in ether and chloroform, 
and it is possible that, when no crystals are observed, the soluble 
matter is mainly amorphous cholesterol 


THE VALUE OF THE TESTS IN CLINICAL WORK 

As ahead} mentioned, as a general rule the observations made 
whilst passing the tube, the naked eye appearance of the samples 
withdrawn and the microscopical examination (combined with 
bacteriological examination, where indicated) provide the most 
important evidence of abnormalities, and particularly of uiflam 
matory or suppurative lesions The chemical examination is not 
so useful partly because similar analyses of other fluids (e q , blood 
or urine) often produce the desired evidence more simply, and 
partly because the interpretation of results is difficult Thus in 
pancreatic disease, examination for ferments is the most important, 
but whilst there is generally no difficulty in assessing the meaning 
of their complete absence or gross diminution, it is often difficult 
to know what significance to attach to the finding of small or 
moderate amounts Quantitative methods are not reall} satis 
factory, and for this reason it is impossible to obtain the range of 
variations in health as a basts for comparison with the findings 
in disease None the less, the methods are of some value as an 
extension of the clinical examination as indicated in the following 
examples 
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When clinically obstruction of tho pancreatic duct (by malignant 
gran tli, Btone, etc ) is suspected, the demonstration that tho duodenal 
fluid contains no trypsin and no lipase is important confirmatory 
evidence, provided that the duodenal intubation, etc , is successful 
Again, when clinically there is a swelling in the region of the head 
of the pancreas, tho absence of tho ferments from the duodenal 
juico localises tho tumour Tho inability to obtain bile stained 
duodenal juice from a jaundiced patient is an mchcation that the 
obstruction to the bile passages is complete, but a similar conclusion 
would probably have already been reached from an examination of 
tho faeces The investigation of tho duodenal contents, however, 
might reveal cholesterol crystals or “ falculins,” thus indicating 
that the absence of bile is duo to tho impaction of a gall stone 
somewhere in the common bile duct Con versclj , tho same discover}' 
m duodenal contents which are bile stained points to the presence 
of gall-stones, either m the gall bladder or elsewhere m tho bile 
passages, but without completely blocking tho common duct Tho 
complete absence of both bilirubin and of ferments would suggest 
an obstruction at the ampulla of Vnter, provided tho technique can 
be assured 

Tho abovo examples suffice to indicate the value of the method 
ns an extension of tho cbnieal examination On the other hand, 
it would bo easy to quote examples in winch the tests would add 
no material information In suspected chronic pancreatitis, for 
instance, the presence of ferments in the duodenal contents by 
no means negatives the clinical diagnosis, and the results of attempts 
to make quantitative estimations are unsatisfactory for the reasons 
gi\en nbo\e Okada et al claim that if continuous evacuation of 
the duodenal juice is maintained for three hours, the analyses do 
re\eal significant variations from the “normal ” if the volume of 
juice is taken into consideration, but their work needs confirmation, 
and, owing to its great length, their method is unlikely to receive 
widespread clinical trial 

Lastly, some of the published results of analyses w ill give further 
indications of the clinical possibilities of duodenal intubation in 
alugnusur 

Bilirubin (Chiray and Lebon) Little or ml in obstructive 
jaundice Increased in familial jaundice, chrome splenomegalio 
icterus, hremolytic jaundice, paroxysmal hasmoglokinutia and 
pernicious anaemia In catarrhal jaundice the concentration of 
bilirubin may be normal, but the total output low 

Bile-salts There may be an increase or decrease m parallel 
with bilirubin, or there may be “dissociation,” as in luemolytic 
jaundice 

Urobilin and Urobilinogen (Chiray and Lebon) Low in nnsemii 
due to haimorrhage, in cancer, in tuberculosis and in biliary Iithiasis 
High in haemolytic amcmia and m pernicious anaemia 

Cholesterol (Cluray and Lebon) In health 50 to 60 mgm , in 
biliary hthiasis 70 and 71 mgm , and in pernicious anaemia 107 and 
152 mgm per 100 c c , are quoted 
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Fox quotes Pribram’s figures for liver bile (C bile) in thirty-seven 
experiments, as follows — 

Total solids, 1 2 to 2 9, average 1*75 per cent 
Cholesterol, 30 to 150, average 50 mgm per 100 c c 
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CHAPTER XXIV 

THE CHEMICAL EXAMINATION OF THE FASCES 


Books Caraniidgo’s The Faeces of Children and Adults 
Chapter on Fasces in Hawk and Bergeim’s Practical Physiological 
Chemistry 

Langeron and Rondeau du Noyer’s Coprologie Mxcroscopique 
Schmidt and Strasburger’s Die Faxes des Menschtn. 

Several examples of the value of chemical examination of the 
faeces have already been given in preceding chapters, particularly 
in reference to efficiency tests of the liver (Chapter XII) and of the 
pancreas (Chapter XIII) It is now necessary to give details of 
the technique of the simpler methods, and the interpretation of 
the results m other diseases For convenience in reference the 
chemical constituents will be considered alphabetically, after the 
methods of collection ahd of preservation, and the macroscopical 
and microscopical examination, have been discussed 

COLLECTION OF F/ECES 

The usual method of collection in a bedpan needs no special 
description In laboratory work it is often convenient to place m 
the lavatory pan an evaporating basm of 9 in or 10 in diameter, 
thus saving a transference of the faces For most chemical tests 
it is best to send the complete specimen to the laboratory, and this is 
particularly necessary when fat analysis has to be made Care 
should be taken to avoid contamination by urine, and enema results 
are of no value The specimen should reacli the laboratory within 
an hour when tests of its reaction or for trypsin are to be made 
Otherwise, intervals nf a few -hours may be allowed 

In metabolism experiments, and in other circumstances m which 
the feces corresponding to a particular diet or method of treatment 
are to be collected, “ markers ” are employed These usually 
consist of powdered charcoal (0 2 to 0 5 gm ) or carmine (0 2 to 
0 5 gm ) The marker is given m a cachet or gelatin capsule at the 
beginning and at the end of the period to be studied The fajees are 
coloured grey by the charcoal and red by the carmine Other 
substances, such as Sudan HI, have been employed The sample 
coloured by the first, but not the portion coloured by the second 
marker, is included in the complete collection 


PRESERVATION OF F^CES 

As a general rule fresh specimens should be examined When 
delay is unavoidable, alterations may be minimised by storage in 
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the ice chest In certain experiments the faeces may be covered 
with absolute alcohol (eg , prior to analysis for fats) Often it is 
best to dry each sample on the water bath soon after it is obtained, 
and then to powder and combine all the dned portions which may 
be stored for future analysis (eg , m fat and mineral metabolism 
experiments) Cammidge recommends formalin as a preservative 
when the feces have to be sent long distances Whenever a 
preservative is added the analyst should be informed of its nature 


GENERAL COMPOSITION AND MACROSCOPICAL 
EXAMINATION 

Following Coope (Lancet, 1921, u , 9) the normal stool of an adult 
on an ordinary mixed diet may be defined as a moidded, fairlj firm, 
more or less cylindrical body, reaction neutral or slightly alkaline 
to litmus, coloured brown chiefly by stercobihn and containing 
70 to 80 per cent of water, large quantities of bacteria, and a small 
proportion of food residues, mainly cellulose remains and partially 
digested muscle fibres In more detail, normal feces consists of 
water bactena, many of which are dead, the remains of the secretions 
of the digestive tract, substances excreted into the bowel (such as 
salts of calcium, of iron, etc ), small amounts of food residues which 
cannot be digested or are incapable of or hare escaped absorption, 
and cellular detritus resulting from the normal death and shedding 
of the lining epithelium 

In disease the feces may contain things they ought not to 
contain — notable quantities of food residues, abnormal substances 
derived from the gut walls, such as blood, serum, pus, mucus or 
from the lumen such as intestinal calculi, “ sand,” or parasites — or 
they may not contam the things they ought to contain, particularly 
stercobibn 

The form, consistency (liquid, semi liquid, semi solid, solid, 
scybalous), colour, odour and general characteristics are observed, 
and any peculiar masses — shreds, flakes, suspected parasites, etc , 
are withdrawn for microscopical or chemical examination 

Further information may be obtained by emulsify mg a portion, 
about 1mm diameter, in warm physiological saline Samples of 
this emulsion are placed in a Petn dish, and further diluted with 
the saline if necessary, and examined against a background partly 
white and partly black “Various things may be seen — vegetable 
dibns, tiny brown rods of muscle fibre, actual masses of undigested 
meat, white dots of the so called * potato granules,’ parasites, 
possibly epithelial debris , more notably, typical u lute fragments of 
connective tissue and flakes of mucus ” Suspected fragments 
are removed for special examination 

The fxces of infants on a milk, diet are soft, serai bqrnd and of a 
bright canary jellow colour, but those of older children have the 
same general appearance as the adult stool The colour of stools is 
discussed more fully later 
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MICROSCOPICAL EXAMINATION 

In routine work all that is necessary is to emulsify a speck of 
faeces in a drop or two of 0 G5 per cent NaCl on a slide, cover with 
a slip, and examine under a one sixth objective With a little 
experience it is easy to a\oid making the suspension either too 
thick or too thin Several preparations should be made and 
examined, and any suspicious looking particles should he selected 
for identification 

To avoid shrinking of red blood corpuscles 0 05 per cent NaCl is 
preferred to physiological saline , 100 gra of fresh faces contain 
some 2 to 3 gm of salts , since about 1 part of the faces in 20 parts 
of saline makes a suitablo suspension for microscopical examination, 
if 0 85 per cent NaCl is used the mixture is hypertonic making red 
cells more difficult to identify 

In certain circumstances it is useful to make a second suspension 
in Lugol’s iodine, which turns starch (granules) blue, and stains 
cells, muscle Fibres, etc , brow n 

A list of the more important items for which a search may be 
made are given below 


Food residues 


Celia 


Crystals 


Ova 


Microscopical Examination of Faces 
Meal fibres l undigested 
(Fig on partially digested 
p 272 ) ( almost completely digested 

r at globules (beware of liquid paraffin and other oils) 
Fatty acid crystals (acicular) 

Soap plaques and crystals 
Starch granules 

Cellulose (fruit and vegetable) residues 
Red blood corpuscles 
Leucocytes 
Epithelial cells 

( Triple phosphate (ammonium magnesium) 

Calcium oxalate 
Cholesterol and coprosterol 
Charcot Leyden crystals 

( Oxyuns verauculans 
A sc fins luinbricoides 
trieflocepfiaAw eftapar 
Ankylostoma duodenale 
Bilharzia (lateral spine) 

Etc 


Parasites or cysts 


Derived from or parents of ova listed above 
Entamceba histolytica 
Lambha lOteatjjiabs 
Etc 


Mucus and foreign bodies (hairs, wool, tow, etc ) 
Bacteria 


A description of parasites, their cysts and ova, of foreign bodies, 
and of bactena, is outside the scope of this book The identification 
of cells has already been given in Chapter IV The focal suspension 
is made in 0 65 per cent NaCl to avoid lysis of erythrocytes 
Identification of cells is often more difficult m faces than in urine, 
owing to the large quantity of bactena and of amorphous matter, 
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and the presence of food residues. Special attention should, 
therefore, be given to the points made in Chapter IV. 

The identification and 
significance of muscle-fibres {see 
Chapter XIII and Fig. on p. 272) 
and of starch granules (Chapters 
IV and X17T ) have already been 
described. 

Fat globules (see Fig. 76) 
tend to rise to the surface of 
the preparation. They vary in 
size, are highly refractile and look 
“oily.” Before deciding that 
oily globules consist of neutral 
fats (stearin, palmitin, or olein), 
it is important to make sure that 
the patient has not received 
liquid paraffin, castor oil, or 
other oily drugs for two or three days previously. 

Fatty-acid crystals (see Fig. 77) (palmitic, stearic) are acicular, 
soluble in alcohol and ether, and are not stained by Sudan III. 
They are longer than bacilli and often slightly curved. They aro 
&equently collected in groups of two, three or more. They are 
unaffected by immersion in aqueous solutions of copper salts for a 
few minutes, because they are insoluble in water. 



FlO. 76. Globules of neutral fat (fasces). 



Soap pLaques Fatty acid ac.Lov.lar crystals 

Fra. 77. Soap plaques and fatty acid crystals (faces). 

Soaps (see Figs. 77 and 78, colour plate) appear as plaques with 
rolled -over edges, or as masses of acicular crystals. They aro 
insoluble m ether Calcium soaps are insoluble also in water and in 
alcohol. A simple method of identification consists of making a 
suspension of a speck of faeces in a drop or two of saturated copper 
nitrate solution on a slide, covering with a Blip, and examining after 
a few minutes. The soaps arc stained green (Fig. 78, colour plate), 
owing to their conversion into copper soaps. Fatty acid crystals 




Soap plaques Mass of* soap crystals 

Fig 78 I'a-cal suspension in copper nitrate solution. 
Soaps stained green 
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are not stained Sometimes the faeces decolorise the copper solution, 
in winch case the addition of another drop of the saturated solution 
or of a crystal of copper nitrate will often succeed 

In health an occasional soap plaque may be visible, but no fat 
globules and no fatty acid crystals The presence of numerous 
soaps and of any neutral fat or fatty acids is pathological, but their 
significance will be discussed later under the chemical analysis of 
faces for “ fat ” 

Cellulose (vegetable and fruit) residues vary enormously in size, 
shapo and appearance, depending on their source The only way 
to become really familiar with their origin is to restrict the intake 
of fruit and vegetables to one particular item for three or four days, 
and to examine microscopically tho corresponding feces In general, 
however, cellulose remains are easily differentiated by their coarse 
refraetilo walls and their peculiar shapes (spirals, networks, etc ) 
Those interested are referred to larger works 

Triple phosphate and calcium oxalate crystals are readily 
recognised (c/ Chapter IV) and are of no special significance The 
former may be found m uncontammated faeces, particularly when 
alkaline samples have been allowed to stand for some time Some- 
times they are derived from unne which has been allowed to mix 
with tho stool 

Cholesterol crystals (Fig 19, p 57) are not a common finding, 
and no special significance can bo attached to their discovery 

Charcot-Leyden crystals (Fig 79) of the typical diamond 
form (colourless, elongated oetahedra) — similar to those seen in 
asthmatic sputa — are to be observed m a number of pathological 
•conditions, particularly in amcebiasis, helminthiasis, and mucous 
colitis, hut beyond their common association with these diseases 
their significance is unknown Another type of “ Charcot Leyden ” 
crystal some times seen in pathological fasces is cigar shaped, very 
similar to typical Charcot Leyden crystals, but without any definite 



Fio 79 Charcot Leyden and spermine phosphate crystals 

angles at the middle (Fig. 79) Morphologically this second 
* type of crystal looks exactly like the typical crystal of spermine 
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phosphate (Fig 79onp 457) It is found occasionally in the faces of 
cases of enteritis (and of other conditions possibly) at all ages, 
including infancy There is as yet no proof that either of the tu o 
types of crystals in faces is really spermine phosphate 

As a matter of interest it may be noted here that Wrede et al 
{Zetl / physiol Chem , 1927, 165, 155) have claimed that the 
Charcot Leyden crystals in myelogenous Ieuksemic spleens are 
spermine phosphate, but in the ■writer’s opinion they have not 
proved their contention, because they did not separate the crystals 
from the spleens and Bhow that those crystals were composed of 
spermine phosphate What they did show was that the leuk'emic 
spleens contained a higher percentage of spermine than the normal 
spleens they examined, and that the former, but not the latter, 
contained the crystals 


Minced leuksemic spleens containing crystals may be treated as follows Scspend 
in 2 i oluraes of water and centrifuge until moat of the crystals are deposited 
Suspend the deposit in very dilute ammonia solution (1 c c of ammonia 8 G 0 88 
in water to 1 000 c c ) and centrifuge again Repeat this washing process several 
times to separate the crystals as much as possible Store tho combined deposits 
under acetone This treatment must be completed in one day , if the crystals aro 
in contact with water or dilute ammonia overnight they dissolve partially or 
completely 

hurt her separation is accomplished by repeated elutriation with acetone In 
this way although there is some loss pure crystals may be obtained 

Preliminary observations on such a preparation satisfied the writer that Cliarcot 
Leyden crystals ate not apennine phosphate nor a phosphate of calcium ot of 
ammonium magnesium nor unc acid The crystals become much more resistant 
to reagents after storage m acetone They are mainly, if not entirely, organic, and 
may be a protein 


AMOUNT 

The quantity of faces vanes from day to daj , and even if 
observations are extended over several days and the average weight 
excreted per diem is calculated, the information is of little value 
clinically since the output vanes greatly with the diet, the proportion 
of nater present (diarrhoea, constipation), the amount of bacteria, 
and so on The following data are taken mainly from Cammidge’s 
hook — 


Normal adult on mixed diet 

Pathologically 
Fasting adult 

Vegetable diet 

Flesh diet 

Infants .... 
Young children 


60 to 250 gm of moist faces 
in the twenty four hours 
(Usually 1 00 to 200 gm ) 
500 to 1,200 gm 
9 5 gm (Breithaupt), 22 gm 
(Cetti) 

370 gm (Rumpf and 

Scliumm) 

Average of 64 gm (Rubner), 
of 54 5 gm (Harlej and 
Goodbody) 

4 to 120 gm 
CO to 150 gm 
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Gross bulk (cf Chapter XIII) can readily be detected without 
weighing, and such observations suffice for most purposes in clinical 
work Normally about one third of the dried feces is made up of 
bacteria 

BILIRUBIN 

Meconium contains biliverdin, and the stools of very young 
infants generally contain unaltered bilirubin With the development 
of the bacterial flora the bilirubin is more and more reduced to 
stercobilin and, to a lesser degree, to stercobihnogen 

In adults all the bilirubin reaching the intestine is reduced by 
bacteria to stercobilin and its chromogen, unless the intestinal 
contents are hurried through so rapidly that this reduction is 
incomplete Then either bilirubin itself or biliverdin may be 
excreted The bilirubm of the feces may he oxidised to biliverdin 
on standing in air (c/ also Chapter XII) 

Reference was made on p 243 to the traces of bilirubm m the 
very pigmented stools of luemo lytic jaundice It seems that a little 
bilirubin may escape reduction ow mg either to rapid transit or to 
high concentration, but in practice the important test is that for 
stercobilin and its chromogen, and not that for bilirubm 

Tests for Bilirubm 

The writer has found Schmidt’s sublimate test (oxidation of 
bilirubin to biliverdin by HgCl 2 ) of httle value 

Graelin’s nitric acid test (cf Chapter II) is fairly satisfactory It 
may be applied either to a smear of feces on a white tile or on filter 
paper, or to a watery extract of feces as a ring test The result 
* should be regarded as positive only if a definite green or blue colour 
is observed 

Van den Bergh's diazo test cannot readily be applied to fjcces 
Fouchet's reagent (see Appendix) is the best of all , a thin 
suspension, about 1 m 20, of the fieces is treated on a porcelain tile, 
or m a test tube, with an increasing number of drops of the reagent, 
but not more than an equal volume is required and usually much 
less Bilirubin is oxidised m a few seconds to green biliverdin or 
Were chofeeyunrn, and is not urer omiisoii 

BLOOD (seo “ Occult Blood ”) 

COLOUR 

The colour varies with the diet (see table overleaf) and with the 
proportion of water (diarrhoea, constipation) and of fat. In clinical 
work various drugs may affect the colour (see table overleaf) In 
pathological conditions the feces may bo tinged red by unaltered 
blood, or, m tnelxna, may bo dark to “ tarry,” or even black, duo to 
altered blood (alkaline hsematm) They may be darker than usual 
owing to excess of bile derivatives (cf Chapter XII), or paler than 
usual owing to a deficiency of bile derivatives, or (o an excess of 
fat (cf Chapters XII and XIII) Meconium is dark green or blackish 
green, due to biln erdm Meconium contains a quantity of jiorphyrm. 
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Influence of Food on Colour of Slool (Hawk and Bergeim) 


Article of Diet 

Colour of Stools 

Milk . 

Meat 

Light yellow or greyish white 
Brownish black. 

Chlorophylhc vegetables, e g , 
spinach 

Greenish 

Non chlorophylhc vegetables 

Light brown 

Cherries or blackberries 

Reddish brown 

Cocoa 

Dark red or chocolate brown 

Coffee 

Dark brown 

Com meal .... 

Light coloured 


Influence of Drugs upon the Colour of the Stool (Hawk and Bergeim) 


Drag j 

Dose 

Colour of Stools 


5 

Black (bismuth suboxide) 

Calomel, mgm , 

130 to 140 

Green 

Reduced iron, mgm 

65 to 70 

Greyish - black, turning 

darker on exposure to air. 

Methylene blue, mgm 

130 to 140 

Blue, especially after expo* 
8 ure to air 

Manganese dioxide, mgm 

130 to 140 

Dark brown or black 

Hematoxylin, grams 

1 

Reddish brown 

Rhubarb, c c fluid extract 

2 

Yellow. 

Senna, c c fluid extract 

4 

Dark yellow. 

Cambogia, mgm 

130 to 140 

Dark yellow 

Santonin, mgm . 

65 to 70 

Dark yellow 


much more than the trace in adult fseces The green colour of 
diarrhceic stools in infants is due to bikverdin, or possibly also to a 
green pigment formed by organisms Infants’ stools often turn 
green on exposure to air owing to oxidation of bilirubin to bikverdin, 
or possibly in some cases to the formation of green pigment by 
bacteria 
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“FAT” (NEUTRAL FAT, FATTY ACIDS, SOAPS, LIPOIDS) 
The term “ fat ” is loosely applied An estimation of “ total 
fat ” includes all substances soluble in ether, together with the 
fatty acids liberated from soaps by acid The substances soluble 
in ether include neutral fat (the triglycerides of oleic, palmitic and 
Steanc acids), free fatty acids, sterols, pigments and minute amounts 
of other substances that need not be considered u Split fat ’ ’ includes 
* preformed fatty acids and fatty acids liberated from soaps “ Unsplit 
fat ” includes neutral fats, sterols, pigments, etc , and is calculated 
from the difference between the total and the split fat ; it will, 
therefore, include any liquid paraffin or other neutral oily matter 
which may travel through into the freces after oral administration 
It is essential that liquid paraffin be avoided for three or four days 
before the collection of the freces for fat analysis 

Split j Free fatty acids 
fat 1 Fatty acids liberated from soaps 

( Neutral fats (tnglycendes) 

Sterols 

Pigments (traces only) 

I Other substances (minute traces) 
l (Liquid paraffin, etc ) 

Analyses may be made on the moist fresh faeces or on the dried 
faces In the former case the ratio of the wet weight to the dry 
weight must be determined separately, so that the results may be 
expressed in terms of the dry weight It would be^aseless to express 
• the results in terms of the moist fresh faeces owing to the great 
variation in water content (diarrhoea, etc ) Each method has its 
protagonists, but the majority of workers prefer to dry the faces 
One objection to the use of undned freces is that the lower fatty 
acids, which are derived mainly from celluloses, etc , will be 
extracted "When freces are dned, as subsequently described, these 
lower fatty acids are largely volatilised 

For routine clinical work the method of Holt, Courtney and 
.Egfe? is i^anmmsiided For spans! m vestigs tinns, extraction in a 
Soxhlet apparatus is advised (see later) For details of the different 
methods available the reader is referred to the list of references 
A few special points only will be noted here In clinical work it is a 
common practice to heat the freces on a boiling water bath until it is 
possible to reduce them to a powder This takes from a few hours 
to one or two days This powder is, of course, not strictly dry It 
is necessary to place it in a vacuum desiccator for several days to 
take it to constant weight This desiccation is frequently omitted 
because the clinician cannot afford to wait so long for the analysis 
An error of 3 to 10 per cent is thereby introduced 

Hydrolysis of the soaps with acid must not bo performed in the 
presence of alcohol if the fatty acids are subsequently to be deter- 
mined by titration with alkali, because esterification may occur 
and introduce a serious error {The soaps may be hydroljscd with 
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an aqueous solution of acid, as in the method of Holt, Courtney and 
Fales Cammidge’s method, m which hydrolysis by aqueous acid 
is also employed, has been shown to be inaccurate owing to incom- 
plete extraction ) Alcoholic acid may be adopted, however, when 
the ether extract is to be weighed (see later under “ First Soxhlet 
method ’ ) 

If aqueous acid is used for hydrolysis of the soaps in the original 
dried faeces, the resulting mixture cannot be taken to dryness (and 
extracted with ether), because a dark tarry mass results which is 
difficult or impossible to remove from the dish The difficulty may 
be overcome as described later under “ Second Soxhlet method ” 

When calculating the split fat from the titration of the fatty 
acids with alkali the factor “1 cc of N/10 alkali corresponds to 
0 0268 gm of fatty acid ’ is recommended 


Interpretation of Results 

Analyses of dried stools merely indicate the percentages of fat 
present in those stools Without a knowledge of the exact mtake 
and output of fat, it is impossible to decide how much of the food fat 
has been digested and absorbed Certain deductions, however, can 
be made , thus when, on an ordinary diet, the percentage of total 
fat in the feces is much higher than normal, it is clear that either 
digestion or absorption or both must have been deficient In these 
cases the ratio of split to unsplit fat shows whether it is digestion or 
absorption that is mainly at fault 

The Normal Findings in Children The following table is compiled 
from the extensive data of Holt, Courtney and Fales 

It will be seeif that the normal varies with age and the type of # 
diet In infants the total fat not uncommonly amounts to 50 per 
cent of the dried feces After mfancy it rarely exceeds one tim'd 


Differential Estimation of Fat m Faxes of Normal Infants 
and Children 

(Holt, Courtney and Fales) 




Total rat 


Percentage of Fxcal Fat j 


Age 

Diet 

1 Percentage ol 
Dried Faces 


j Split 

| Unsplit 

|l 



Max 

Min 1 

AV 


Max 

[am 1 

Av | 

Max | 

Min. 

Av 

! a 

8 day* to 10 ’ 
months 

Breast milk 

61 1 

H 

34 5 

H 

921 

B 

79 8 1 

48 3* 

79 

20 2 

44 

2 to 18 months 

Cow s m Ik 
modifications 

B'6t 


34 t 

B 

97 1 


a 

77 3} 

m 

121 

87 

1 ^months to 

MilK or milk 
bread and 

45 2 

u 

30 1 j 


85 1 

691 

B 

30 9 

B 

14 0 

10 

l to 7| y ears 

Mixed 

20 1! 

a 

13 7 


891 

44 0 


56 0! 

m 

26 9 

6” 
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Of the fecal fat the percentage which is unsplit rarely exceeds 
one third, both in infants and children When interpreting results 
m diseases of children the following generalisation is therefore 
justified — Of the dried faeces not more than one third should be fat, 
and of that {f cecal) fat not more than one third should be unsplit, 
remembering that in infants eien one half of the dried faeces may be fat 
The Normal Findings m Adults In normal adults tho findings 
are the same as in children except that a slightly smaller percentage 
of the dried feces is “ fat,” and a rather larger proportion of the 
fecal fat is split The follow mg generalisation may be safely 
accepted as a rough guide — Of the dried faeces not more than one- 
quarter should be fat, and of that (f cecal) fat not more than one-quarter 
should be unsplit 

In cluucal work there is little or no useful information to be 
gained from separate estimations of free fatty acids and soaps 
The ratio of free to combined fatty acids (soaps) depends largely 
on the reao tion of the intestinal contents The ratio of unsplit to 
split {t e , free fatty acids plus soaps) fat is the important factor, 
because it indicates the efficiency of fat digestion, whilst the total 
fat gives a measure of the efficiency of absorption 

As already mentioned, the term “ unsplit fat ” includes neutral 
fats (triglycerides), Bterols, pigments, and minute amounts of other 
substances which need not be considered The weight of the 
pigments is so Bmall that it can be disregarded In twelve normal 
adults Fowweather obtained the following results for the 
unsapomfiable matter (which consists mainly of sterols) — 0 64 to 
3 88 per cent of the dried feces, or 7 8 to 33 3 per cent of the 
unsplit fat For most clinical purposes, therefore, tho quantity of 
sterols need not be determined 

In all the above analyses, wliat has been determined is the per 
cent age composition, the concentration of the fats, in the sample of 
feces analysed It is important to bear this in mind when interpreting 
results, otherwise misleading deductions may occasionally be made 
The position is somewhat similar to the consideration of sugar 
analyses m urine The sugar percentage, for instance, might rise, 
and yet at the same time the day’s output might fall owing to the 
occurrence of oliguria In the same way the concentration of 
fecal fat might appear slightly high, and yet the day’s output be 
low, owmg to the total daily weight of dried feces being low 

Another similar point arises in connection with the percentage 
of the fecal fat which is split or unsplit respectively The follow mg 
is typical of cases on low fat diets with normal digestion and fat 
absorption — 

(a) Expressed as percentage of dried feces 




<0 

(u) 

Split fat 

. . 

. 64 

6 2G 

Unsplit fat . 

• 

. 3 9 

3 44 

Total fat . 


. 10 3 

9 70 
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(6) Expressed as percentage of the faecal fat : 

(i ) (u ) 

Split 62 1 64 5 

Unsplit . . 37 9 35 5 

The figures for total fat in (a) are obviously normal, but in { b ), 
at first sight, the unsplit fat might appear slightly raised The figures 
in (i>) must, however, be interpreted m the light of the results in (a) 
When the fat in the diet is low the split fat tends to be almost 
completely absorbed The unsplit fat, however, corresponds more 
or less to “ starvation ” fecal fat (c/ Hill and Bloor, Fleming and 
Hutchison) The exact significance of the latter is not entirely 
settled but for our present purposes it may be regarded as fatty 
matter (including sterols) which has either been excreted into the 
bowel, or has been formed by the degeneration of epithelial cells, or 
has been derived from the bodies of bacteria, etc In other words, 
a proportion of the unsplit fat is not a residue of the food taken m 
the diet When the fat intake is very small this non food fatty 
residue may form a high percentage of the fecal fat 

Pathological Findings Faecal fat percentages give a rough 
indication of the efficiency of the digestion and absorption of fat 
By themselves such estimations are seldom, if ever, pathognomonic 
of any one disease, though they are often valuable as an extension 
of the clinical examination m the diagnosis of certain diseases 
(untreated) and as a guide to treatment by restriction of fatm 
the diet Their value in pancreatic disease (Chapter XIH), and 
the influence of bile on fat absorption (Chapter XII), have already 
been discussed Simple diarrhoea may cause deficient splitting 
and deficient absorption of fats Chrome intestinal indigestion in 
children is frequently accompanied by an excess of fat in the stools, 
and the splitting is generally normal Indeed, in the more severe 
forms of this condition the results of fat analyses are identical with 
those found in typical cceliac disease In sprue, likewise, the total 
fat is in excess and the splitting normal In some cases of tuberculous 
peritonitis m children similar results are obtained, probably due to 
obstruction of the lacteals In the rare condition, congenital 
steatorrhcea (see Garrod’s Inborn Errors of Metabohsm\ y the total 
fat is in great excess, but the degree of splitting vanes in the few 
reported cases In most cases of rickets the results arc witlnn 
normal limits In gastroententis, and ententis also, the findings are 
usually inside the normal range, possibly, in part at any rate, owing 
to inability to ingest much fat 

For metabolism experiment*, see Chapter XXV 

Estimation of Total Fat and of Split Fat by Method of Holt, 
Courtney and Fales 

Principle A neighed quantity of dried feces is hydrolysed 
with aqueous hydrochloric acid to convert soaps into fatty acids 
Extraction is made with suitable fat solvents, the soli ent is removed 
and the extracted “ fat ” weighed It is then redissolved and the 
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Itandard alcoholic solution of 6odmm 
solution titrated Tilth l t »* (fattj a-^ds preformed and 
h j dro\ido to estimate tf 1 

liberated from soaps) ].,, n r ir Sodium U<jdro^j e Dissoli o 
Solutions (1) N/lf . m a f m cubic ccntu„ tres 0 f dl , 

4 2 gm of pure sodmmjd ^ ^ wl th absolute alco. i stand 
tilled water and dilute) > r v a ct concentration bv ,t ra tion 

memiglit, filter, and djm' p\ ac e20cc ofN/lOosa 1( j 

with N/10 oxalic acid/ fo " nt phcnolphthalera ml-Lpcr' - 

in a beaker, add 3 or f f f pHicohoUc solium hydroxid no/ 
cent alcohol, and titrie wi , colour is obtained | / 

a buretto till a permrfnt tarn I „„ i 

COOH CUU " 


2NaOH 


| 2H.O- 

COOH 


COO> T 


4H.&- 


80 gm ' 

(20,000 ce of M10) i _ 

1 12G04gm 

(20,000 c c ol HJU ocul require ret of <ho 

sal Vv 


(ZO.UUU U « “ “ “HI 

alcoholic ] Nif whU«j M 0 rmnl =^ 
Then # » * 1 =\ „ , 


JO X Or 11 ^ 

20 X 01 

/ y x 

I . 0 0302 gm of pure 

(2) lS Oxalic Acid r%tillcd water in a 100 c c 

crvstallifoxalic acid m about jU « ° * lt h water 

JJumi fl a,k > and make u?t ,7 1 “ raple of frcces (about 50 gm 
Drl the Freces Tran** the dm metcr) evaporat- 

is consent as a rule) to a hge (‘ »' path in a fume cupboard an 

TX Place on a boihg 0 dd about 50 c o of alcohol 

I, eat /til “ " Powder « ,h “ mill the faices can he reduce 

ind /at again! Repeat if « „ f halr , tow, gristle etc 

le poudi Reject ^Tvenu^t (routine work), or until 
ifftore in aUcuum de#ic caw i 

fact we.gft is attained gm , „f the dried powdered 

Lilysis take a portion (abort 1 gm I ^ a tared watch 
Jes and djennuie ds weigh basin, washing it 1T1 u 

£’ Tratir to a taall evaporatuig Ms^^ ^ jj eat 0 . 

10 o tjof 25 per cent v/v > d f tb dlsh a re thoroughly 

"), but avoid evaporation to 

a -5-s && 
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min ute Allow t6 r^a-nd until the emulsion separates This is 
facilitated by cau 1t0U8 b r rotating the tube in a vertical position 
from tim e to ti^ Run off the ether through the tap on to a 
rapid fat free filter (No 43 Whatman) placed in a very light 
previously w J tghed flask of about 200 c c capacity (Tig 80) 



. afl for / sec “' fot “Elyses . it n mad o out or 

*o ," g 1 * ** m d J amotor I without sopper about 

ibout 40 C o o UP ‘ 1 20 c c U P « ® nlrk 


‘ 2 ,° V ° s 

layer through the same filter Make a tin? I* a ^ d , pa . S8 *J e Y W 

about 10 oc otthe reooJedlolvente 11 a ” d the flIle ' I**" "T 

into the* flask^mf a bent tu ^ >e ^ air condenscA 

This takes onl w nd # . dwM off the m,xed solvents on * wa ter bath, 
future use J a feW mmute$ Store the recovered solvents for 

Clean thoroughly the outside of the flask and pl«o it in a 
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vacuum desiccator (CaCl 2 plus paraffin wax shavings) overnight 
(routine work) or until constant weight is attained (special work ) 1 

Determine accurately the weight of the flask with its contents, 
and hence by difference the weight of the total fat 

Redissolve the fat by adding about 50 c c of pure benzene 
(C 6 H 6 ) and heating almost to boiling on a water bath Titrate 
whilst hot with N/10 alcoholic sodium hydroxide, adding about 
\ cc of X per cent phenolphthalein m 60 per cent alcohol as 
indicator The end point is shown by the appearance of a famt 
pink colour which persists for thirty seconds or more 

Calculate the split fat from the factor 1 c c of NyiO alcoholic 
NaOH = 0 0268 gm of mixed fatty acids, and the unsplit fat by 
difference (total — Bplit fat) 

Express the total fat, split fat and unsplit fat as percentages of 
the dned ftcces, and the split and unspht fat as percentages of the 
total fat, as illustrated in the example which follows 

Example of Calculation : — 

(а) Weight of dried feces = 1 0 gm 

Weight of flask and fat = 15 8736 gm 
Weight of flask =05 5C02 gm 

Weight of fat = 0 3134 gm 

1 gm of feces contains 0 3134 gm of fat 
100 „ „ 31 34 

Total fat = 31 34 per cent 

(б) The 0 3134 gm of fat was redissolve cl and required 4 5 c c 
of 0 I N alcoholic NaOH for neutralisation 

Since 1 c c of 0 1 N alcoholic NaOH is equivalent to 0 0268 gm 
of mixed fatty acids, 

4 5 c c of the NaOH = 0 0268 X 4 6 gm of 

fatty acids, 

1 gm of dned feces contains 0 0268 X 4 5 gm of 

fatty acids, 

* 100 „ „ „ 0026SX45X 100 gm 

fatty acids 

These fatfcj acids were partly preformed and partly liberated 
bj HC1 from soaps, 

t e , Split fat = 2 G8 X 4 5 «= 32 06 per cent 

Therefore, by difference the unspht fat is 31 34 — 12 06 = 
19 28 per cent 

<• 

1 Alternatively an un weighed flask may be used In that case the residue 
after rerooia 1 of eohent is extracted with 3 or 4 portions each of about 10 cc of 
light petroleum which are filtered into a weighed flask The solvent is removed 
as described from this second flask, which is then cleaned externally desiccated and 
weighed as indicated above 
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(c) Since, out of 31 34 gm of fecal fat 12 06 is split, 

, 12 06 m , 

” 1 •' " 31-34* 

12 06 X 100 


„ 100 

t e , split fat is 38 48 per cent of fecal fat, 

. unsplit „ 61 52 „ ,, 

(d) Report as follows — 

Unsplit (neutral) fat = 19 3 
Split fat = 12 0| 

Total fat = 31 3 

and, of the fecal fat 38 5 per cent is split 

61 5 „ unsplit 


31 34 


IS 8pllt, 


per cent of dried feces, 


Notes A separate determination of soaps may be made, if 
desired, by digesting 1 gm of dried feces with 10 c c of water, 
instead of 10 c c of hydrochloric acid The suspension is transferred 
to a second Roehrig tube and treated throughout as above The 
ether extract will then contain neutral fat plus preformed fatty 
acids The soaps are calculated by the difference in v eight between 
the ether extracts of the first and of the Becond tube respectively 
The ether extract of the second tube is redissolved and titrated to 
obtain the preformed fatty acids The neutral fat is calculated by 
difference 

The writer does not recommend this procedure, because the 
emulsion in the second tube (no acid) frequently will not separate 
satisfactorily and because a separate determination of soaps adds 
little or nothmg of value clinically 

The 8 topper and tap of the Roehrig tube may be lubricated with 
glycerol, or may be used without a lubridant , naturally vaseline or 
tap grease must be avoided 


Estimation of Liquid Paraffin 

As previously mentioned, liquid paraffin and oily drugs should 
be omitted for three or four days before collecting the feces for 
tat analysis, but it is sometimes desirable in the laboratory to test 
whether tins precaution has been taken The following procedure, 
tor drawing my attention to which I am indebted to Dr H E 
Archer may be utilised — 

Repeat tlie estimation of fat in dned feces as previously described 
up to the stage when the weight of ether extract (“ fat ’ ) has been 
determined Then instead of redissolvmg the fat m benzene, add 
cautiously about 5 c c of concentrated sulphuric acid to the flask 
ihe acid wdl destroy the fats and fatty acids, *ut will not affect 
KL Pa ? ffin „ H ? at weU almost to Coding to complete the 
decomposition Cool w ell and pour slowly and carefully into about 
" “} a se P aratm g ^nnel Cool the funnel thoroughly 

wash out the beaker with water, then with light petroleum, and add 
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the w aslimgs to the funnel Add 20 to 30 c c of petroleum and shake 
well Stand and remove the petroleum layer Make a second 
extraction with 10 to 15 c c of petroleum Combine the extracts 
in a weighed light flask Distil off the petroleum, dry and weigh in 
the usual wa y 

Calculate the quantity of liquid paraffin per 100 ‘gm of dried 
faces, and correct the neutral fat figure 
Example — 


First 

analysis 


( Neutral unsplit fat = 41 3 
Split fat = 23 5 

Total fat — 64 8 


per 100 gm of 
dried faeces 


And, of the faecal fat 36 3 per cent is split, and 63 7 per cent is 
unsplit 

By the second analysis 33 1 gm of liquid paraffin were found 
per 100 gm of dned faeces Therefore the corrected neutral fat is 
41 3 — S3 1 = 8 2 gm per cent The corrected report therefore 
reads — 


Neutral unsplit fat = 8 2] 
Split fat = 23 hi 

Total fat = 31 7j 


per 100 gm of 
dried faces 


And of the fecal fat 74 1 per cent is split, and 25 0 per cent is 
unsplit 


Estimation of Total Fat and of Split Fat using a Soxhlet 
Apparatus 

Continuous extraction in a Soxhlet apparatus (Fig G6, p 350) is 
employed instead of three simple extractions, but otherwise the 
method is substantially the same as that of Holt Courtney and Fales 
described above The same^eagents (p 465) and the same technique 
for drying the feces (p 465) are used 

First Method Separate Determination of Soaps Weigh a 
Soxhlet thimble Add about 1 gnf of the dned feces and weigh 
again The difference gives the exact weight of the feces Transfer 
to the Soxhlet apparatus, and extract continuously with ether for 
at least six hours Distil off the ether and extract the residue with 
three or four portions of light petroleum each of about 10 c c , 
filtering into a second weighed light flask, through a fat free paper 
Distil off the solvent, desiccate overnight (routine work) or to 
constant weight (special work) and weigh The weight, less that of 
the flask gives the amount of neutral fat plus free fatty acids in 
the sample taken Calculate the amount m 100 gm of dned feces 
Dissolve in hot benzene and titrate with 0 1 N NaOH and phenol 
phthalem (c/ p 467) Calculate the free fatty acids per 100 gm of 
dned faces 

Remove the thimble which contains the soaps and other matter 
insoluble in ether, and set aside for any residual ether to evaporate 
Transfer the contents of the thimble quantitatively to an e\ aporating 
basin, and add 10 c c of 10 per cent HC1 m absolute alcohol Digest 
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on a boiling water bath till a thin syrup is obtained Take up the 
syrup with plaster of Pans or anhydrous sodium sulphate, and 
return quantitatively to the thimble, which is placed m the Soxhlet 
apparatus and extracted with ether as before Remove the solvent 
from the weighed flask, dessicate and weigh as usual The weight, 
less that of the flask, gives the soaps Calculate for 100 gm of 
dried feces 

The digestion with 10 c c of 10 per cent alcoholic HC1 liberates fatty acids from 
the soaps Some of the fatty acids combine with alcohol to yield ethyl esters It 
is owing to this partial esterification that the ether extract must be weighed and not 
titrated The degree of esterification depends mainly on the duration of heating 
The maximum error which could be introduced by substitution of tho ethyl group 
for hydrogen is of the order of + 10 per cent 


Example of Calculation 

Weight of dried feces =10 gm 

Weight of first extract — 0 235 gm 

Therefore neutral fat + fatty acids = 23 5 per cent 
First extract required 50 cc ofOlN alcoholic NaOH, and 
therefore contained 0 0268 X 5 0 gm of fatty acids 

Therefore free fatty acids = 0 0268 x 50 X 100, or 13 4 per 
cent and neutral fat = 23 5 — 13 4, or 10 1 per cent 
Weight of second extract = 0 285 gm 
Therefore soaps = 28 5 per cent 

The completed result therefore is — 


Neutral (unsplit) fat 
Free fatty acids 
Soaps 
Total fat 


10 11 

^8 5 [ P er cen ^ ^ rief ^ P*** 3 ' 
52 o) 


and, of the fecal fat 19 4 per cent is unsplit 
80 6 „ ,, is split 

Second Soxhlet Method : Determination of Total and of Split 


Fat 1 gm of dried feces and 10 c c of 25 per cent v/v aqueous 
HC1 are digested exactly as in* the method of Holt, Courtney and 
Fales (p 465) Plaster of Pans or anhydrous sodium sulphato 
is added to obtain a free flowing powder, which is transferred 
quantitatively to a thimble and extracted with ether for at least 
bis hours m a Soxhlet apparatus The ether is removed and the 
residue dissolved in petroleum ether and transferred to a weighed 
flask as descnbed in the first Soxhlet method The solvent is 
removed and the residue is desiccated and weighed as usual From 
this is calculated the total fat per cent 

The fat is then dissolved in hot benzene and titrated with 
alcoholic NaOH to obtain the split fat 


Example of Calculation: — 

Weight of dried feces = 1 0 gm * 

Weight of extract = 0 58 gm 
Total fat is 68 0 per cent 

Titration of split fat = 17 9 cc of 0 1 N alcoholic NaOH 



THE CHEMICAL EXAMINATION OF THE FJBGES 471 

Split fat 0 0268 X 17 9 X 100, or 48 0 per cent 
Unsplit fat = 58 0 — 48 0, or 10 0 per cent 
Neutral unsplit fat = 10 O'! 

Split fat — 48 OV per cent, of dried fseces, 

Total fat «= 58 Oj 

and, of the fsccal fat 17 2 pet cent is unsplit, 

82 8 „ „ is split 

Notes The top of the thimble should bo a lew millimetres 
above the top of tlie syphon of the So*hlet apparatus If it does 
not reach so high, pack a piece of screwed up fat free filter paper 
underneath it 

Introduce into the mouth of the thimble another piece of screwed- 
up fat free paper, to prevent drops of condensed solv ent splashing 
particles of powder out of the thimble 

In the second Soxhlei method some samples of fasces yield a 
solution in hot benzene so pigmented that it is difficult or impossible 
to titrate it Continuous extraction, though it takes out 100 per 
cent of the fat, has the disadvantage that it also extracts pigments 
to a much greater extent than the three simple extractions w the 
method of Holt, Courtney and Fales 
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MUCUS 

An excess of mucus is often recognisable by inspection of the 
fseces with the unaided eye It may be roughly separated by 
shaking a portion of the stool with water, and allowing the coarse 
particles of undigested food, foreign bodies, etc , and mucus to 
settle by gravity Under the microscope it appears as shreds 
or streaks, which often show lines on treatment with dilute (e g , 

1 per cent ) acetic acid Mucus is soluble in alkah, and insoluble 
in acetic acid, and is thrown out from a faecal suspension in water 
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by protem precipitants, e g , alcohol In clinical work chemical 
tests are unnecessary 

Mucus is always being secreted by the healthy mucous membranes 
of the alimentary tract, but not in quantities sufficient to be 
obvious to the naked eye An excess of mucus in the feces is the 
rule in inflammatory conditions of the gastro intestinal canal, 
and especially in colitis If mucus is obvious macroscopically 
the probability is that it is derived from the colon If the micro 
scope is required for its detection it is more likely to have come 
from the small intestine If the feces are strongly alkaline, mucus 
may pass into solution Bacteria may digest, or render unrecog- 
nisable, small quantities of mucus 

NITROGEN 

The nitrogen of the feces is derived from the food proteins, the 
secretions and excretions of the alimentary canal, and the bacteria 
In starvation the feces contain nitrogen, about 0 25 gm daily 
On non nitrogenous diets the fecal nitrogen is increased, probably 
due to the increase of alimentary secretions, of bacteria, etc , but 
it still amounts to only about 0 75 gm On a full mixed diet the 
fecal nitrogen again increases, but only slightly, to about 1 gm 
per diem in health In other words, the food proteins are normally 
almost completely digested and absorbed 

In disease the fecal nitrogen may he considerably increased 
owing to failure of protem digestion, or to incomplete absorption 
of the products of digestion The subject has already been 
mentioned in Chapter XIII, where it was concluded that mtrogen 
estimations are of little value clinically owing to the variety of 
diseases which may cause an increased loss in the feces The 
fact that nitrogenous food is being undigested or lost in the feces 
can be deduced by simpler methods than-mtrogen analyses 

In metabolism experiments on subjects whose feces show no 
evidence microscopically of excessive loss of mtrogen containing 
residues from food it is a common practice to allow 1 gm for the 
fecal mtrogen daily, but obviously when there is such evidenco 
the mtrogen must be estimated Peters and Van Slyhe {Quanlilatnc 
Clinical Chemistry, Vol II) advise against drying the feces, and 
recommend the following procedure to prevent loss of ammonia 
The day’s stool is mixed well with about 300 c c of water, and 
250 c c of concentrated sulphuric acid are added slowly with 
constant stirring bo that a homogeneous black suspension is obtained 
The mixture is cooled, treated with a few drops of caprj he alcohol 
to prevent frothing, and diluted with water to 1 ,000 c c After 
mixing thoroughly, portions of 25 c c may be used for the macro 
Kjeldalil technique, 25 c c of 0 2 N sulphuric acid being used to 
catch the ammonia * 


OCCULT BLOOD 

Blood may gam access to tho stools from any part of tlto alimen- 
tary tract from the mouth to the anus Blood added at tho anus 
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simply means that there is a hemorrhage somewhere between 
mouth and anus It is, therefore, essential to inspect the mouth, 
gums and throat, to examine for hemorrhoids, to inquire about 
the menses, etc , before the significance of positive tests can be 
assessed In other words, when the chemical pathologist reports 
that blood is present in the fseces, the clinician decides as to its 
significance 

The tests are Bimple and are often valuable on clinical u orh, both 
as an aid to diagnosis and in following the results of treatment of 
ulcers Thus in suspected ulcers (stomach, duodenum, small 
intestine, colon, etc ) it is important to test the faeces for blood 
Haemorrhage is often intermittent, hence repeated tests are valuable 
Obviously a negative result does not necessarily mean there is no 
ulcer — the ulcer may not be bleeding at the time of the test 
Obviously, also, a positive test gives no indication of the type 
of ulceration, whether simple or malignant, whether tuberculous, 
and so on The tests are particularly valuable in follow mg the 
progress of proved cases of gastric and of duodenal ulcer It would 
be unwise, for instance, to allow such a patient to return to a full 
diet before the tests for occult blood have become negative It is 
possible for the patient to feel perfectly well, although there is 
still slight haemorrhage from the ulcer, as shown by positive tests 
for occult blood m the fseces 

Ulcers and hemorrhages from new growths are the commonest 
causes of occult blood m the stools, but any type of hemorrhage 
may be responsible, eg , in acute hemorrhagic pancreatitis, 
ruptured oesophageal veins m cirrhosis of the liver, oozmg of blood 
m pernicious anemia, m blood diseases and hemorrhagic conditions, 
and m scurvy , etc , etc It is necessary to take J to 1 c c of blood 
by mouth m order to produce a positive benzidine test in normal 
(Ab * 3 ^ cc or more to produce a positive spectroscopic test 

Consideration of Methods. It is wise to make it a routine 
practice to examine microscopically a suspension of the feces 111 
0 G5 per cent NaCl ( cf p 455), so as to detect red cells and muscle 
nbres (see above) Otherwise the tests fall mto two mam groups 
(o) the catalytic effect of iron containing blood derivatives on the 
interaction of hydrogen peroxide and certain organic substances 
(benzidine, guaiac, pyrarmdone) to yield coloured oxidation products, 
and (o) the extraction of blood derivatives with special solvents, and 
spectroscopical exammation of the solutions In certain methods 
e extracts are treated to yield other haemoglobin derivatives, and 
their characteristic spectra are looked for 

As an example of group (o), the benzidine test will be considered 
more fully Hydrogen peroxide alone will not oxidise benzidine 
to the blue oxidation compound The reaction will only take plate 
m the presence of a catalyst, which may be a peroxidase or an 
iron containing derivative of hemoglobin Porphyrin, winch »■* 
iron free, will not catalyse this reaction It is, therefore, possible 
tor the fseces to contain porphyrin, and yet to give a negative 
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benzidine test Ifeces often contain thermolabde enzymes which 
will act is catalysts It is, therefore, essential to boil the feces 
so as to destroy these enzymes The catalytic action of the blood 
derivatives is unaffected by boiling. 

Normal feces do not show the bands of hromatm, but those 
of porphyrin may he seen with certain techniques in a proportion 
of healthy subjects , thus some workers for this reason attach little 
significance to a positive finding for porphyrin by Snapper’s method 

When the bleeding is low m the gut a suspension of feces ground 
up m water, and cleared by centrifuging, shows tho bands of 
oxyhaeraogfobm when examined spectroscopically , when viewing 
a layer I m thick, a suspension of 1 gm of feces in 40 c c is usually 
suitable after centrifuging This method is not widely employed 
but would be useful, for instance, as a check on Snapper’s method , 
thus by comparing the oxyh-cmoglobin content with the acid 
h'ematin content as determined by Snapper’s method, it is possible 
to judge approximately how much of the acid hie matin was formed 
from o\j haemoglobin during the test, and bow much from alkaline 
lisematm passed as such in the feces 

In disease, tho higher in the gut is the haemorrhage, and the 
slower the passage of feces, the greater is the chance of porphyrin 
being formed Anal bleeding does not give rise to porphyrin in 
the feces As already mentioned, porphynn does not give a 
positive benzidine test The spectroscopic test for hajmatin is 
not so sensitive as the benzidme test Even if the patient is not 
on a haemoglobin free diet, the finding of heematin on spectro 
scopic examination of the faeces signifies “ true " bleeding 

Bloem found the following to be the limits of detection for 
different methods, the spectroscopic examinations being made 
with 1 m layers of solution (see his paper for details) Clearly the 
benzidme test is much more sensitive than the others 


Subetance 

Absorption Hands 

Technlqne 

Limit of Detection 
ragm. <*s 1160,1 
per 100 gm fscees 

Red blood cells 


Microscopical 

120 

Oxyhiemoglobm 

a and 

Spectroscopic I 

360 

Haemoglobin ond/or 

— 

Benzidine (hsemoglob n 1 

1 6 

bcematin. 

Alkaline hfcroatm 


free diet 1 

440 

Alkaline porphynn 

a and /} and y 

! 

200 

Hasmochromogen 

a and /} 

Snapper a test 

C5 

Acid porphyrin 

a and (3 


140 

Acid hannatin 

a and y 

' 

200 


Information from a Combination, of Tests Reference has been 
made in previous paragraphs to some points in this connection, 
but they may usefully be summarised and extended The site of 
the haemorrhage may be gauged approximately by a combination 
of the microscopical spectroscopical and catalytic tests Thus 
red: cells must be derived from contamination, the anus or rectum, 
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unless the hemorrhage be gross when the colon might be the site 
When the patient has not been prepared (p 473) a feu red cells 
may sometimes be observed microscopically, although the*benzidme 
test is negative, which may perhaps be explained by Barrett’s 
observations (see p 473) Oxyhemoglobin m a cleared focal 
suspension likewise implicates the lowest parts of the alimentary 
canal Porphryin, 1 in excess of possibly normal traces, indicates 
haemorrhage m the upper part of the gut, for it is unlikely that it 
can be formed from blood shed below the colon Naturally, in 
attempting these interpretations, the degree of bleeding and the 
rate of passage of intestinal contents must also be taken into 
consideration 

Some idea of the size of the haemorrhage can be obtained by 
noting the intensity of the positive reactions, and from a knowledge 
of the relative sensitivity of the tests (see table on p 475) It is a 
good plan to perform the pyramidone test whenever the benzidine 
reaction is positive The pyramidone test is the less sensitive of 
the two so that if both are positive there is a greater concentration 
of blood than if the benzidine test is positive but the pyramidone 
test is negative In following the progress of haemorrhage (from 
ulcer) it is useful to note changes from “ pyramidone and benzidine 
positive, ’ to ' benzidine positive pyramidone negative,’* to “ benzi 
dme negative ” Both tests, however, are much more sensitive than 
the spectroscopic test for haematm, so if the latter is negative 
bleeding is slight 


Technique of Tests for Occult Blood 
Benzidine Test Place a portion of the feces about the size of a 
pea m a boiling tube and add about 10 c c of distilled water If 
the feces are liquid, dilute less or not at all Boil well to render 
oxidising enzymes inactive, and cool In another perfectly clean 
bodmg tube place a large ‘ knife pomt ” of benzidine and 2 or 3 c c 
lf+v u C6tlC acK * Shake well to obtam a saturated solution 
a he benzidine dissolves, add a trace more A few specks of 
undissolved benzidine do not interfere, but if the solution is not 
saturated the test is not so sensitive Add an equal volume of 
ten volumes ’ hydrogen peroxide and shake Watch the benzidme 
peroxide solution for a few minutes to see whether a green or blue 
colour develops owing to the tube not being really clean The writer 
. p S ?, , au ^ e “ °° positives since adopting as a routine the cleaning 

(Na rn\ , u ^ es ta P w ater, boiling 10 per cent washing soda 
JJr/ tap water ’ commercial hydrochloric acid (about 6 per 
(see Appendix) W&ter ’ an ^’ three portions of distilled water 

( t d t , he f£e< ; al , suspension to the benzidme peroxide solution 
Tr°^’ s ^ a ^ JD 8 after each addition and noting any colour 
g If necessary add altogether an equal volume of the faecal 

certain ca2*° M™"! J?, t }' e Very rvre condition congenital porphyria, or in 
conB I( r e ^^ Clm^X) UDaccom l ^ porphynnuna, Ionian to bo 
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suspension A green or blue colour, which often develops rather 
slowly, results if blood is present The/ quantity of fcecal suspension 
required, and the rate of development and intensity of the blue 
colour, gives a rough measure of the concentration of blood 

When positive results are obtained, mike sure that the patient 
1ms received a haemoglobin free diet for three days, and examine 
microscopically another portion of the faeces for partially digested 
muscle fibres and for red cells (see above) 

Gregerson’s Slide (Benzidine) Test Powders, each containing 
0 2 gm of barium peroxide and 0 025 gm of pure benzidine, are 
put up in waxed papers 

Dissolve one powder m&cc of 50 per cent acetic acid 
Hake a smear of the f-cces on a slide and add a few drops of the 
solution A blue or green colour developing within thirty seconds 
is regarded as positive If the colour develops after thirty, but 
within sixty seconds, the result is regarded as suspicious Any 
colour developing after sixty seconds is disregarded 

It Ins been claimed that no diet restriction is necessary with 
this procedure, though Ogilvie notes that the ingestion of hone 
marrow gave a positive result in one case It will bo observed 
that the faeces are not boiled to render oxidising enzj mes inactive 
The writer has compared the two methods on a senes of faeces, 
and greatly prefers the first With the slide method there has often 
been difficulty in deciding whether a green tinge has definitely 
developed within thirty seconds, whereas the colour changes m 
the test tube method arc clear" cut In the second method the 
technique is mado less sensitive to avoid the preparation of tho 
patient essential in the first method In common with others, 
the writer has sometimes found the slide method negative when 
the test tube method has given definitely positive results which 
have been proved to be significant His conclusion is that the first 
is the method of choice but that the second is a useful bedside test 
of more limited value, which Bhould be employed only when the 
proper laboratory facilities for the first method are not available 
Spectroscopic Test (cf Ryffel and Payne) Place a portion of 
f-eces the size of a large bean, in a glass stoppered hoilrng, tube 
Add about 10 c c of distilled water and mix well with a glass rod 
(Tn the case of liquid fjeces, add little or no water ) Add rather 
more than an equal volume of glacial acetic acid and again mix 
* Add a volume of ether fully equal to the volume of the mixture, 
and shake thoroughly Then add water, a few cubic centimetres 
at a time, to separate the ether If separation does not occur, 
repeat the test using a larger volume of ether F-eces rich in 
mucus or liquid paraffin are very apt to give an emulsion from 
which the ether cannot be separated In such cases the cautious 
addition of glacial acetic acid should be tried 

Examine the ether layer with the spectroscope in case the bands 
of all ahno porphyrin (p 212) are visible But even if thej are 
not seen, remove the ether layer to another boiling tube and add 
to it about 10 c c of hydrochloric acid (25 per cent v/v) Mix 
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well by pouring from one boiling tube to another repeatedly Allow 
to separate, and examine each, layer with the spectroscope 

The upper ether layer may contain acid lucmatin (p 212) and 
chlorophyll (p 220) The lower watery layer may contain acid 
(proto ) porphyrin (p 212) There will probably be stercobihn 
(p 220) m both layers 

Snapper’s Method In a mortar grind up about 10 gm of 
feces with about 40 c c of acetone Filter on a Buchner funnel, 
and wash the precipitate with acetone Maintain suction till the 
precipitate is fairly dry Transfer the precipitate to another mortar 
and grind it up with 25 c c of a mixture of glacial acetic acid, 
1 part and ethyl acetate 2 parts Filter Between 12 and 20 c c 
of filtrate are usually obtained Examine this filtrate spectro 
scopically for alkaline biematm and alkaline porphyrin (p 212) 
Then divide it into two portions 

To the first portion add at least half its volume of pyridine and 
a few drops of fresh yellow ammonium sulphide Invert once only 
to mix and examine with the spectroscope for the bands of hsemo 
chromogen (p 212) 

To the second portion add about half its volume of 10 per cent 
v/v HC1, and an equal volume of ether Shake w ell and allow to 
separate Examine the watery layer for the absorption bands of 
acid porphyrin (p 212) 

Pyramidone Test Prepare a faecal suspension as described under 
‘ Benzidine Test, ’ and with this perform the pyramidone ring test 
as described for urine (Chapter II)* 

Test for Porphyrin only Mix thoroughly about 1 gm of feces 
in 10 c c of 1 per cent HC1 in alcohol, and leave overnight Filter 
and examine spectroscopically for acid porphyrin 
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PORPHYRINS 

For ‘ luematoporphyrm ’ (protoporphyrin) see under “ Occult 
Blood ’ and for coproporpbyrm (stereoporphyrin), see Chapter X 
For the relationships of the different porphyrins, see Chapter XVIII 

PROTEIN (COAGULABLE PROTEIN) 

Coagulable protein is usually derived from the blood serum of ft 
haemorrhage or from a serous exudate into the alimentary canal 
Protein in the upper part of the gut is rapidly digested so that 
protein in the feces generally indicates a haemorrhage or serous 
exudation into the large intestine or below , though it may he due 
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to a big exudate or bleeding higher up It occurs notably in eases 
of ulcer or carcinoma of the colon On rare occasions, and particularly 
in children, vv hen there is severe diarrhoea, it may even be derived 
from the food 

Method for Detection (Coopo, R , Lancet, 1923, 1 , 1311) 

Emulsify thoroughly about 20 gm of fasces in about 40 c c of 
distilled water at 50° C Add an equal volume of saturated 
ammonium sulphate, mix well and filter tlirough a pleated filter 
paper, repea iedfy if necessary, until a perfectly clear filtrate is 
obtamed If the original faces is fluid use httle or no water 

Five to 10 c c of filtrate are tested for albumin by heat coagula- 
tion, or with sahcjl sulphomc acid (c/ Chapter II) The reaction 
is positive only when a definite turbidity develops Colour changes 
are of no significance Globulins and mucus are precipitated 
by the ammonium sulphate The fact that globulins are not 
included in the above test does not matter, since they must rarely, 
if ever, be unaccompanied by albumin in the faces 

REACTION 

In clinical work this is usually taken with litmus paper Pieces 
of red and of blue litmus paper are moistened with distilled water 
and rubbed on the faces and any colour changes noted In normal 
adults the reaction is generally alkaline or neutral to litmus In 
diseases m which fat splittmg is normal, but absorption of fats is 
defective (see under “ Fats ’ ), the reaction is often acid Acid 
stools aro also the rule when there is excessive fermentation of 
carbohydrates 

The reaction of the faces probably depends mainly on the type 
of diet, both in health and m disease In general, on mixed and 
on meat diets the reaction tends to be alkaline, and on a pre 
dominantly carbohydrate or fat nch diet, acid The reaction will 
also be influenced bj the secretions into the gut, by the type of 
bacterial flora, the rate of passage of the intestinal contents, etc 
Indeed, from his own observations, and after studying the reported 
findings, the writer’s impression is that such large variations are 
observed m health and in different examples of any one disease, 
that determinations of the reaction are of very limited value 
clinically This is reflected in the infrequency nowadays of requests 
• to test the reaction Obviously the test is of no value unless 
performed on fresh faces 

Attempts have been made to place the subject on a firmer basis 
by measuring the actual pH of the faces Such determinations are 
only possible in well equipped institutions, and as yet are not 
sufficiently extensive to justify general conclusions As an example 
of the importance of 6uch quantitative measurements, Redman’s 
work (Biochem J , 1928 22, 15) on the pH of the faces in rickets 
may be mentioned She found that there was no significant 
difference between the variations in health and the variations 
m rickets without or with treatment, and was unable to show 
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in children the shift in reaction from alkaline to acid which 
has been observed in rats when vitamin D is added to a nckets 
producing diet That the measurements are unlikely to bo of much 
value clinically until further investigations have been made is 
•hown by the great variations reported in health, viz , pH 4 6 
to 88 — 


Howe P E and Hawk P B J Biol Chtm , 1912, 11, 129 
pH (electrometric) 7 01 to 8 77 

Nelson C F and Williams J L J Biol Chtm , 1916-17, 28, 271 
pH (colorimetric) 4 70 to 7 48 (five males ages 13 to 70) 

Rettoek L F and Chaplin, H A , 1921 (quoted by Robinson) 
pH (colorimetric) 6 0 to 6 8 
Robinson C S J Biol Chtm 19°2 52, 445 

pH (electrometric) 7 0 to 7 5 (healthy men) 

Redman T Bioehem J 1928 22, 15 

pH (electrometric) 5 3 to 8 6 (normal children) 

Tisdale, T F end Bbown, A. Amer J Du Child , 1924 27, 312 
pH 4 7 to 5 1 m breast ted infants 
pH 4 6 to 8 3 in artificially fed infants 
Lending N C Ada med Scand , 192S 68, 97 
pH C 0 to 8 0 

SOLIDS 

Like the amount of fresh faeces, the percentage and day’s output 
of dry matter vary considerably, and are of little importance 
clinically The following aro taken from Cammidge’s and Hawk and 
Bergcun’8 books — 

Amount of solids in 24 hours on mixed diet, T 25 to 45 gm 

„ „ „ on vegetable diet, up to 75 gm 

„ „ „ fastmg, 2 gm (Breithaupt) 

3 4 gm (Cetti) 


Influence of Diet on F cecal Dry Matter ( Schmidt and 
Strasburger ) 

Diet Dry Matter per cent 


M.m ( Nursing infant 15 0 

^ I Adult 28 0 

Meat . 29 0 

Bread 25 0 

Potatoes 15 0 

Cabbage 4 4 

Mixed diet 26 0 


The weight, when dried, of bacteria excreted by a normal adult 
is about 8 gm daily 


STERCOBILIN 

Stcrcobilm and stercobilinogen have been fully discussed m 
Chapter XII It is here only necessary to describe clinical testa 
for their detection in fieces 

In Schmidt’s test a piece of fieces the size of a walnut is rubbed 
up with a small quantity of a saturated mercury perchlonde solution, 
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and allowed to stand overnight The reaction proceeds more 
quickly at 37° C A deep red or pinkish led colour dex elops owing 
to tiio formation of a compound of stercobihn and HgCl 2 In the 
writers expeneneo this test is often unsatisfactory Hie following 
is recommended as simple and reliable — * 

Extraction with Acid Alcohol and Spectroscopic Examination 
In a boding tube place a portion of the faeces about the size of a 
walnut and about 15 c c of acid alcohol (1 c c of concentrated 
by droclilorio acid 100 cc of absolute alcohol) Shake thoroughly 
or mix well with a glass rod Stand for a few hours or overnight 
if necessary Filter and ex am mo the filtrate spectroscopically for 
the characteristic absorption band of stercobihn (Tig facing p 220) 
or by means of Schlesmger s test (Chapter II) 

In normal fasces a deep brown filtrate may readily be obtained 
in half an hour or so and dilution will be necessary to obtain a 
good view of the al sorption band The undiluted filtrate will 
block out a large portion of the sun s spectrum In fieces with a 
subnormal content of stcrcobilin the extract w ill be less dark and 
dilution will have to be less or may bo unnecessary to obtain a 
good band W hen stcrcobilin (nnd its chromogen) is practically 
absent the extract is pale yellow or almost colourless and the 
band is only just evident or absent 

The hydrochloric acid converts stercobibnogen into stercobihn 
so that the test reveals the presence of both This is an advantage 
sinco both have the same significance In the waiters experience 
the above technique is more satisfactory than extraction with either 
amyl alcohol or chloroform followed by treatment with acid With 
each of these solvents an emulsion often forms which is difficult to 
separate and extraction would not appear to bo so complete as 
with acid ethyl alcohol Pathological faces may contain more 
chromogen than pigment so that extraction without acidification 
may bo definitely misleading 

lor references to other methods the reader is referred to 
Chapter \II 

TRYPSIN 

The significance of tests for tiypsm has been discussed in 
Chapter XIII 

Ihe author s attention was drawn to the following simple 
modification of Kmaskofs gelatin method (Med Kltntk 2911 
p 108) by the late Dr W d Este Emery with the information 
that it lnd been published m Germany but the writer has been 
unable to discover the publication The method may bo applied 
equally well to duodenal fluid (see Chapter XXIII) to discharges 
(subsequent to laparotomy) suspected to contain pancreatic juice 
and to gastric juice after adjustment of reaction It is a test for 
a protein splitting ferment which acts in an alkaline medium, and 
is attractive in that a si ort incubation period (fifteen to thirty 
minutes) gives a clear cut result thereby reducing to a minimum 
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the influence of digestion by bacteria The frcces must be fresh, 
preferably not more thin an hour old, since the enzyme activity 
rapidly deteriorates 



Fig 81 X ray or photographic plate method far tiypsin 


The X-ray or Photographic-plate Method 
Make a suspension (about 1 in 10 to 1 in 20) of the fasces u\ 
1 per cent crystalline sodium carbonate Place 1 drop of the 
suspension and also 1 drop of the sodium carbonate (control) on the 
film side of a strip cut from an X ray or photographic plate, and 
incubate for thirty minutes at 37° C During incubation, in order 
to prevent evaporation of the drops, the strip of Xrvv plate B 
placed on a piece of moistened filter paper or blotting paper resting 
on the perforated shelf or floor of the incubator, and is covered 
vnth the hd of a Petn dish or any other suitable cover 

Remove the strip from the incubator, and allow to cool to room 
temperature, or run water over the reverse surface (no film), so 
that the gelatin sets properly Then flood the film with uater 
from the cold tap If trypsin is present the gelatin is digested to 
water soluble products, with the result that a clear punched out 
hole is made in the film The control (sodium carbonate) area mav 
show a heaping up of the film, but is not dissolved at all If try psm 
is absent the test area has the same appearance as the control 
area (see Tig 81) A TOUglily quantitative determination may be 
made by putting up semi dilutions (see Fig 81) 

In the case of duodenal contents and of fluid from an abdominal 
wound, the pH is usually close to the optimum for the enzyme 
(pH 8 1) and dilution with sodium carbonate is unnecessary 
Gelatin films cannot be used as substrate for the detection of 
pepsin, because HC1 alone causes hydrolysis at 37° C Refore 
testing for tiypsin (due to regurgitation) m gastne contents the 
reaction must be adjusted with alkali 
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BASAL METABOLISM AND METABOLISM 
EXPERIMENTS 

BASAL METABOLISM 

Books and General Articles Peters, J P , and Van Sfykc, D D , 
Quantitatne Clinical Chemistry 

Du 35 oi3, E. F , Basal Metabolism tn Health and Disease 

Sanborn, r. B , Editor, Basal Metabolism Its Determination and 
Application 

Boothb\ , W M, and Sandiford I, (ft) Laboratory Manual of the 
Technic of Basal Metabolic Kate Determinations , (6) “ Basal Metabolism,’ 
Physiol Rev , 1924, 4, 69 

Mncleod, J J R , Physiology and Biochemistry in Modem Medicine 

Beaumont, G E , and Dodds, E C , Recent Advances tn Medicine 
(Chapter on “ Basal Metabolism ’ ) 

Talbot, P B , “ Basal Metabolism of Children," Physiol Re i , 1925, 
5,477 

Cathcart, E P , “ Discussion on Basal Metabolism," Brit Med J , 
1922, li , 747 

Douglas C G , and Priestley, J G , Human Physiology A Practical 
Course 

Chemical changes are constantly taking place in all the cells 
nml tissues Some cells die, and the products are removed in part 
or in whole from the body New cells are formed to take their 
place In other cells a portion of the cell substance is broken down, 
e g , during muscular activity, and the resulting products are partly 
or wholly removed in the blood and excreted The formation of 
new cells and the repair of the wear and tear of existing living cells 
is eventually dependent on the intake of suitable foodstuffs which 
are digested, absorbed and earned to the tissues All these 
complicated changes are included m the term “ metabolism ” The 
combustion of foodstuffs and the breakdown of tissue products is 
dependent on oxidation, and therefore the consumption of oxygen 
may be used as a measure of the metabolism During this corn- 
bustion carbon dioxide is formed and eventually excreted, almost 
entirely by the lungs The excretion of C0 2 in the breath maj, 
therefore, also be used as a measure of metabolism Lastly, these 
chemical changes are accompanied by the formation of iieat, and 
so the output of heat may be used as a measure of metabolism 
(calorimetry) 

In order to obtain a comparison between the metabolism of 
healthy and of diseased individuals, it is neeessarv to make the 
measurements under standard or “ basal ” conditions These 

<83 - 16—1 



484 


CHAPTER XXV 


conditions are described below, and are controlled arbitrarily so as 
to make the measurements with as bttle discomfort as possible to 
the subject, and in a practical manner applicable to clinical work 
Innumerable experiments have been made to discover the magnitude 
of the different factors influencing the measurements, and as a result 
various modifications of the standard conditions have been made by 
different workers at various times, but those given below now 
appear to be widely accepted The results obtained undei these 
conventional conditions are regarded as estimations of the 4 4 basal 
metabolism ” (“standard metabolism,” Krogh), or of the “basal 
metabolic rate ” (BMR) After studying the conditions agreed 
upon, it will be obvious that “ basal ” is not equivalent to 
“ minimum ” metabolism The metabolism during sleep, for 
instance, is lower than the “ basal ” metabolism The same 
measurements naturally may be utilised in studying the metabolism 
after exercise, after particular dietB, and so on, but, in general, a 
comparison between health and disease is most readily made under 
the “ basal ” conditions 


CONDITIONS TO BE OBSERVED IN B.M.R. 

DETERMINATIONS 

Preparation of the patient is essential, so that at the time of the 
test he is at perfect physical and mental rest, and has had no food 
for twelve to eighteen hours It is true that abstinence from food 
for twelve hours or so will influence the metabolism of ■various 
individuals sbghtly differently, depending on the previous diet, 
etc , but it is the best of the practicable conditions that can be 
laid down in clinical work, since it only necessitates the loss of 
breakfast It lias been shown that a light non stimulating breakfast 
does not influence the BMR measured two hours later, but in 
practice it is unwise to permit any such meal, for fear the patient 
should not adhere strictly to the items allow ed 

o avoid muscular activity the test is best made at the bedside 
Utherwiso the patient may be wheeled on a trolley and kept at 
res y the apparatus for half an hour If observations must be 
per ormed on out patients, instructions must be given that they 
ij V i as r httIe as P os 3>ble, and an hour’s rest by the apparatus 
_ , u , enforced Severe exercise may require several hours of 
® 5 “f , a * l eve l 13 regamed, so that the preliminary rest 

penoa that should he enforced for out-patients who have taken 
X ™ 16 , 6 amounts of exercise cannot be properly defined, and 

°? outpatients must be accepted with ie«erve 
P rehmm , ar y rest penod all activity (talking, reading, 
smoking, etc ) is prohibited . 

mental 8 " 10re i difficult to procure mental than muscular lest, yet 
rate Tt a,l( I excitement definitely raise the metabolic 

/„ _ ft’ iere fpre, necessary to explain to the patient beforehand 
the imnJi P rev ious day) what is gomg to be done, to show him 
shall bent “ s » to adopt all possible means to insure that be 
eiiall be at mental rest before and during the test 
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Du Bois has shown that the metabolic rate nses approximately 
10 per cent for each 1°C rise of body temperature The patient’s 
temperature should, therefore, be taken before the test Moreover, 
the patient befpre and during the observation should be comfortably 
warm, so as to avoid shivering or the increased invisible muscle 
tension caused bj cold It is questionable whether the conditions 
in the general wards of most of our hospitals satisfy these criteria 


METHODS OF DETERMINING THE BMR 
The most accurate method is to estimate the quantity of heat 
given out in a definite time under the standard (basal) conditions, 
with the aid of a calorimeter, but, in general, its expense is too 
great for clinical work The reader is, therefore, referred to larger 
books for an account of calorimetry and its appbcation 

Alternate ely, the oxygen consumption, or C0 2 excretion, or 
both are measured Indeed, the C0 2 exhaled divided by the 0 2 
consumed — the respiratory quotient, or R Q — must be determined 
if as accurate results as possible are to be secured Fairly trust 
worthy figures however, may be obtained if the R Q is assumed 
to be a certain value (0 82 is usually adopted), and either the oxygen 
consumption or the C0 2 excretion is determined In this case 0 2 
determinations are more satisfactory than C0 3 estimations, since 
the calorific value of 1,000 c c of 0 2 when fat (R Q , 0 71) is burned 
is 4 G9 calories and w hen carbohydrate (R Q , 1 00) is burned is 
5 05 calories, whereas the corresponding figures for C0 2 are 6 63 
and 5 05 calories respectively (For explanation of these calculations 
see Peters and Van SI) he’s chapter on Total Metabolism ) Departures 
from the assumed RQ of 0 82 will, therefore, affect the BMR 
more if calculated from the C0 2 values than if calculated from the 
0 2 figures 

The gasometnc methods are of two mam types * the closed 
circiut ” and the open circuit ” As an example of the former 
the subject is directly connected with a gasometer filled with 
oxygen enriched air, and an absorber for C0 2 The circuit is 
closed so that oxjgen nitrogen is breathed in and oxygen -J- 
mtrogen -j- CO z is breathed out The C0 2 being absorbed, the 
decrease in volume of the ox j gen in the gasometer can be directly 
observed for a measured time 

As an example of an open circuit technique the principle of the 
Douglas bag method may be given The patient breathes in air, 
and expires into the previously emptied bag for a measured time 
(usnallj about ten minutes) A sample of the contents of the bag 
is analysed for C0 2 and 0 2 with the aid of a Haldane gas analysis 
apparatus The volume of gas m the bag is then measured by 
passing it through a meter 

The closed circuit principle is extensive 1) employed m medicine 
owing to the simplicity of the appliances recently introduced 
for clinical work One of these, “ The British ‘ Benedict ’ Portable 
Metabolism Apparatus,” is illustrated in Tig 82, on p 490 It is 
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essentially the same as the Benedict-Roth model In this method 
gas analysis is not required, but calculation of the B 51 R , since 
the oxygen consumption is alone determined, necessitates the 
assumption that the patient’s R Q .is 0 82, because the standard 
oxygen consumption, with winch the patient’s is compared, is 
based on an R Q of that value 

Using the Douglas bag method, both the C0 2 and the 0 2 are 
measured, from which is calculated the actual R Q of the patient 
Careful gas analysis is required, and the calculations necessary 
to arrive at the B M R are involved This technique has been 
widely employed by laboratory workers, but since it is fully described 
m the books to which reference has been made at the beginning 
of this chapter, it will not be further considered here From tbo 
patient’s pomt of view it has been claimed that this open- 
circuit method is preferable, because he complains less often 
of subjective symptoms, such as “ fullness m the head,” headache, 
and difficulty of breathing, than when he receives oxygen -enriched 
air as m the closed circuit method The majority of clinical workers, 
however, do not find that these symptoms often occur and, when 
they are complained of, it is only rarely that they are serious enough 
to interfere with the test 

Rabmowitcli and Bazm find that a simple and accurate deter 
ruination of the B 51 R may be obtained by allowing the patient 
to breathe directly into a gasmeter, and obtaining periodically 
the percentages of CO a in the expired air electrometncally by means 
of a hatliarometer 


CLINICAL VALUE 

The values for the B 51 R in health certainly fluctuate between 
+ 10 and — 10 per cent of the standard, and many workers 
extend the normal range to ± 15 per cent 

In the great majority of diseases the B J\X R falls withm these 
normal limits, as shown by the table on p 487, which is extracted 
irym a tonger taVie puVus'ned by ’Booth’by and Sandilord 

It is in thyroid diseases that BMR determinations are of most 
value — 

(a) As an aid to diagnosis, particularly in border line cases of 
hyperthyroidism and hypothyroidism 

(b) As a measure of the seventy of obvious thyroid disease 

(c) Repeated at intervals of one or two w eehs to indicate progress 
due to rest in bed and medical treatment 

(d) As an aid to the selection of treatment (general medical, 
surgical, X ray’s, radium, or preliminary iodine medication in 
exophthalmic goitre) and by repetition as a checL on the treatment 
selected 

(e) In the diagnosis between adenoma with and without hyper- 
thyroidism respectively, and in the study of recurrent goitres 

( / ) Repeated at intervals of about a month as one of the methods 
of controlling treatment with thyroxine 



Extensive operations for goitre are considered unwise by most 
surgeons if the BMR exceeds -f 40 per cent Boothby and 
Sandiford s findings in different diseases of the thyroid gland arc 
given on p 488 

The BMR is raised about 2 5 per cent for each mgm of 
intravenous thyroxine The maximum effect of thyroxine occurs 
between the fifth and tenth day after administration The oral 
dose required daily by a completely thyroidle^s adult is of the 
order of 1 5 mgm but the preliminary daily dose in myxeedema 
should not exceed 0 2 mgm The sodium salt of thyroxine is 
generally used in therapeutics since it is more soluble than thyroxine 
itself 











B.JU R in Thyroid Diseases 
(Boothby and Sandiford, 1924) 
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For some unknown reason the B 31 K is often raised in leukemia 
(cf table on p 487} Determinations in pituitary disease are of less 
value than in thyroid disease In thirty cases of acromegaly, 
Boothby and Sandiford (1922) found eighteen to have B M R ’s 
within normal limits (± 15 per cent ), one below normal, and eleven 
above normal (in eight the B M R exceeded ± 20 per cent ) In 
fifty-eight ca«es of hypopituitarism their results were as follows — ■ 
B MR ±15 per cent in thirty-two, above ±15 per cent in four, 
and below -—15 per cent in twenty two patients In only about 
a third of these cases, therefore, was there a definite depression of 
metabolism The interpretation of the results in diabetes mellitus 
is a matter of controversy It is agreed, however, that in the 
majority the BUR is within normal limits, and that of the rest 
some have a raised and others a lowered BUR In obesity the 
determinations are occasionally of value as part of the chain of 
evidence pointing to an endocrine factor, but in the great majority 
of obese subjects the BUR is within normal limits (cf table on 
p 487) Porter found aBMR of below — 20 per cent in six out 
of ten children, and in two out of eight adults with ichthyosis In 
chrome parenchymatous nephritis (nephrosis) the B M R is often 
subnormal and it has been claimed that thyroid administration is 
of \alue Some workers however, attribute the low BUR to 
the inclusion of metabohcally inactive cedema fluid in the body 
weight upon w hich the BUR is calculated In other renal diseases 
the B M R is not low 

The basal metabolism of children is renewed by Talbot Ho 
maintains that a respiratory chamber is necessary for children 
under eight years The “ basal ” metabolism of infants under 
two years is not strictly basal because it is measured with food in 
the stomach This makes the obscr\ ed B M R too high by ± 8 to 
±15 per cent He considers that it is most satisfactory to determine 
the BMR in reference to height for both boys and girls, from the 
age of two weeks to twelve years He reviews the results that have 
been obtained m different diseases in children, and notes the 
infrequency of such observations In untreated cretinism the BMR 
is always low The difficulty is to secure measurements before 
thyroid medication has been started The effect of such treatment 
on the 3331 R may not wear off for three or four weeks, or even 
longer 

With regard to drugs, with the exception of thyroxine, of 
adrenaline, and of lodme in exophthalmic goitre and in some cases 
of adenoma of the thyroid, it may be stated that none affects the 
BMR significantly 


TECHNICAL 

The technique of B3IR determinations with the aid of the 
British " Benedict ” Portable Metabolism Apparatus 1 will be 

* Obtainable from 1 teas re H E Kendrick, 5 Lodge Villas W oodford New Road, * 
Woodford Green Essex 
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described, since it is the only type of method 
the practitioner. 


likely to be used by 
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he takes the time, and notes the volume on the dial Two observa 
tioiis of four to seven minutes each are made, and the total volume 
of oxygen consumed and the sum of the different periods are noted 
The c c of oxygen consumed per minute are then calculated, and 
lcduced to standard temperature and pressure Knowing the 
patient’s height, weight, age and sex, the B M R is calculated as 
shown in the following example, with the aid of the tables at the 
end of this section — 

Data Male, aged seventeen, weight 139 lb , and height 
09 in 

Volume of oxygen consumed per minute was 250 c c Tempera- 
ture 18° G and barometer reading 750 mm 

Correction of 0 2 to S.T P. From p 493 the aqueous vapour 
pressure at 18° C is 15 4 mm 

From p 493 the correction for the expansion of the brass scale 1 
of the barometer is 2 15 mm 

Therefore, the correct pressure is 750 — 154 — 2 15 = 732 45 
mm 

To reduce to 0° C and 760 mm , the factor corresponding to 
18° C and 732 45 mm is read off from p 494 It wifi be found 
to be 0 904 

The corrected volume of oxygen is therefore 250 X 0 904 — 
226 c c 

Alternative Method of Correction Many workers will find 
the calculation more easily made with the aid of the usual 
formula — 


V 


P-a v 273 
760 273 + 


where V is the corrected and v the observed volume of oxygen, 
p is the barometric pressure, a the aqueous vapour pressure, and t 
the temperature Neglect of the expansion of the brass scale of 
the barometer introduces very little error, but the expansion factor 
is easily introduced into the above formula if desired 
In the above example. 


V 


= 250 x 


750 — 15 4 
7C0 


X 


273 

291 


_ “ 0 * TEO X 551 ‘ ° ° 


Calculation of B M R. The next step is to compare the patient’s 
oxjgcn consumption with that of a normal person of the samo 
height, weight, sex and age By reference to p 495 it. is seen that 
the standard oxjgcn consumption of a subject weighing 139 lh^ 


* A brass *ca!tj is aeWom fitbxl nowadays 
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and with a height of 69 in , is 228 c c per minute This must he 
corrected for age and sex as follows — 

Males Aged 20 to SO, no correction 

„ 16 to 18, add 10 per cent to volume in table 

„ 18 to 20, add 5 per cent „ „ 

, 50 to 60, subtract 4 per cent from volume in table 

„ 60 to 70 subtract 7 per cent „ „ 

Females Calculate as for male of Bame age, and subtract 7 per 
cent 

In our example (male, aged seventeen) 10 per cent of 228 c c 
must be added, making the correct standard oxygen consumption 
228 + 22 8 c c , or 251 c c 

The standard oxygen consumption is 251 c c , the patient’s is 
226 c c or 25 c c below the standard 

The BMR is expressed as a percentage mcrease or decrease 
on the standard corrected volume Therefore, the patient’s BMR 
25 

is — X 100 or — 10 per cent 

Notes The figures for the standard oxygen consumptions on 
pp 495-496 have been calculated on the assumption that the R Q 
is 0 82 Reference to this pomt has been made above The BMR 
is computed from the area of the body surface The figures on 
pp 495-496 have been calculated with the aid of Du Bois’ formula 
for surface area 

The technique is simple, but to obtain satisfactory results 
the following additional points must be observed — 

(1) The entire apparatus must be thoroughly tested for leaks 

(2) The spirometer cylinder must be accurately balanced by 
means of the four levelling serene and the pulley counter weight 

(3) The C0 2 absorber must be systematically examined, e g , 
once or twice a week The capacity of the soda lime to absorb C0 3 
is tested by filling the spirometer bell with expired air, plugging 
the mouthpiece and causing the contents to pass out tad the oxygen 
inlet tap and bubble through hme water If the soda lime is all 
right no cloudiness will occur Alternatively calsoda is renewed 
after every thirty tests or after some other total which baa been 
shown by experiment (as above) to yield a safe margin , the indicator 
m “ carbosorb ’ gives the warning Of course the lid of the soda 
hme container must be removed before a test 

(4) It is essential that the readings on the dial at the beginning 
and end of a test shall be taken in the course of periods of steady 
regular fall in the volume, as shown by the hand on the dial, or 
by the respiratory tracing when the means for securing the same 
are supplied (see Fig 82 on p 490) A stop watch is of great service 

It is an excellent plan to take readings every minute, by which 
means alterations m breathing or a sudden leak, eg, past the 
nose clip, is promptly detected The following is an example of a 
satisfactory experiment — 
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Time j 

Minutes 

Dial Reading | 

Ce m?‘ 

Time | 

Minutes 1 

Dial Reading 

r<? o, 

per min 

0 

6,800 

__ 

0 

6,560 ! 

_ 

l 

6460 

340 

1 

6,240 

320 

. 2 

6,100 

360 

2 

4,880 

360 

3 

4,7 SO 

320 

3 1 

4,540 1 

340 

4 

4,480 

300 

4 1 

4,280 

260 

5 

4.200 

280 




6 

3,860 

340 




7 

3,660 

300 





0, per mm for first period = 320 c c and for second period — 320 c c 


(5) Other points, which though very elementary have been 
known to be the cause of errors, aro as follows — 

(a) The oxygen inlet tap must bo turned off after filling the 
gasometer. 

(6) If too much water is put in the water seal it will spill over 
w ith each inspiration as the bell falls, and spoil the soda-lime 

(c) The temperature of the experiment is of course that recorded 
by the thermometer on the top of the bell 

TABLES FOR CALCULATION OF B.M.R. 

Tension of Aqueous Vapour in Millimetres of Mercury 

To obtain the dry barometer pressure, subtract the mm Hg 
corresponding to the temperature of the air from the barometer 
pressure at the tunc of the experiment 


Temp. 

15- 

1C° | 

■H 

18° | 

19° 

Hi 

H| 

m 

1 

23° | 

24° , 

25® C 

Mm ] 

12 7 , 

13 5 | 

14 4 | 

IS 4 

10 3 | 

17 4 

18 5 | 

15 7 1 

20 9! 

22 2 i 

23 5 


(Macleod, Physiology and Biochemistry m Modem Medicine ) 


Temperature Corrections to Reduce Readings of a Mercurial 
Barometer with a Brass Scale to 0° C. 

Subtract the appropriate quantity as found m the table from 
the height of the barometer. The table is for a barometer with 
a brass scale, and the values are a little lower (about 0 2 mm.) 
than for the glass scale The corrections for intermediate tempera- 
tures can be approximated by interpolation 


Temp 

, 700 mm 

710 mm 

*20 mm 

hid 

710 mm ! 


760 mm , 

.70 mm 

16° 

: I 69 

1 72 

1*74 

m 

179 

m 

1 

1 84 | 

„ 1 86 

20® 

2 26 1 

2 29 1 

2 32 

ea 

2 39 

2 42 | 

2 45 

2 48 

26° 

2 83 

2 87 

2 91 

| -2 95 

2 99 

3 03 ! 

! 

3 07 

3J1 


(Macleod, Physiology and Biochemistry in Modern Medicine ) 
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Table for Reducing Gaseous Volumes to Normal Temperature 
and Pressure 


The observed volume, when multiplied by the factor corre- 
sponding to the temperature and corrected pressure, ‘will give the 
volume of the expired air reduced to 0° and 760 mm 
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(Macleod Physiology and Biochemistry in Modem Medic ne ) 
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Standard 0 2 Consumption Relative to Height and Weight 
height w amrnns 


I S3 161 165 


175 ISO 185 ISO 


103 197 203 507 
IBS 199 206 209 


201 206 210 216 


307 111 

209 211 

215 220 
217 221 

219 221 

220 225 

222 277 

226 228 


300 205 208 211 219 

197 202 20d 210 215 221 

-03 208 212 218 222 


201 206 211 218 219 325 

202 207 213 216 220 326 

... 303 209 214 tit 222 226 

200 205 210 215 219 223 229 

201 206 211 217 221 235 251 

187 202 207 213 218 222 227 232 


... 300 2)5 330 

2U0 205 210 216 221 225 230 338 

201 207 212 216 222 327 231 237 

302 208 211 218 223 228 233 238 


7*6 769 

WO 245 250 

262 267 262_ 

263 2*4 2S3~ 


200 21? 217 222 227 232 238 »63 268 253 253 

207 213 219 223 228 2M 239 266 269 256 2» 

208 316 220 224 229 335 361 266 251 256 261 

209 715 221 225 230 236 362 267 252 257 283 

210 216 222 227 23J 238 366 369 254 259 266 

212 218 226 22S 233 09 365 250 255 260 266 

213 319 225 2» 236 *60 266 251 257 262 267 

214 220 228 231 238 241 267 253 258 283 268 

215 222 277 232 237 262 248 256 259 266 270 

217 223 228 336 239 246 MO 25* 201 28ft 271 

218 225 230 234 260 245 

Ml a HI W M 1*1 

233 238 263 
236 236 
235 260 

06 ZU ZD 36} ... 

225 231 237 243 218 256 259 


222 228 


239 266 269 




59 HI 


257 262 267 273 

259 266 209 274 

280 265 270 276 

501 2M 271 277 

26S 273 279 

269 274 280 

27J 278 2S2 


HEIGHT 116 H6CBE3 
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METABOLISM OR “BALANCE” EXPERIMENTS 
Books Lusk, G , The Science of Nutrition 

Hawk T B , and Bergeim, O , Practical Physiological Chemistry, 
chapter on Studies in Metabolism 

Sherman, H C , Chemistry of Food and Nutrition 
McLester, J S Nutrition and Diet in H eatth and Disease 

Se\ cnl references have been made in previous chapters to the 
necessity for making metabolism observations before the significance 
of certain analyses can be assessed Tlius it is obviously useless 
to estimate the output of a substance in the urine if that output 
is largely dependent on the intake of the substance or its precursor 
in the diet, unless the intake is also measured Tor example the 
output of urea depends mainly on the protein intake Again if 
the substance is excreted by both the kidneys and the bon el 
observations limited to the urine are incomplete, and so on 

In cbmcal work metabolism lm estigations can rarely be under 
taken satisfactorily except in institutions with a specially trained 
nursing staff Moreover, the time and expense involved practically 
limit Bueli observations as are made in general hospitals to the 
investigation of a feu special problems and to research work Tor 
these reasons only a very -brief outline of metabolism experiments 
will bo gn on with sufficient information to enable the reader to 
understand the general principles, and to realise why so many 
analyses are of very limited value unless they form part of a proper 
metabolism investigation 

GENERAL CONSIDERATIONS 

In planning metabolism experiments it is obviously necessary 
to know by what paths the substance under m vestigation is excreted 
In accurate work it is necessary to analyse the food to determine 
the intake of the particular ingredient In clmcial work, however, 
sufficient information may frequently be obtamed by weiglimg 
the articles of diet, and computing the intake of the substance 
with the aid of tables recording the average analyses of foods 
Alternatively certain problems may suitably be studied by placing 
the patient on a “ constant diet " for a few days before and during 
the test period In that ease it is obviously necessary to weigh 
each article of food, and to insure that the same quantities of the 
same items are ingested each day % Usually there should be a 
preliminary period of two or three days on the special diet, followed 
immediately by the test period of three or more days, depend mg 
-on the nature of the investigation It cannot be too strongly 
stressed that rapid changes in diet (e g , eveiy third day) and short 
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test periods (e g , one or two days) often not only give no useful 
information, but may actually be misleading 

When the results of metabolism investigations are studied, it 
may be evident that the quantity of the substance excreted is 
less than the amount ingested, i e , some has been retamed (or 
destroyed) in the body , in other words, there is a “ positive 
balance ” Conversely, the results may indicate a “ negative 
balance or, in other words, some of the substance excreted must 
have been derived from the body, and not from the food In 
continuation of the same phraseology, metabolism observations arc 
often referred to as “ balance experiments ” 

It is seldom difficult to measure the mtake and output of a given 
substance The difficulty is to know how to interpret the results 
lor example, how far is it justifiable to assume that when x gm 
of a substance are ingested, and 90 per cent is excreted, that the 
ubole of the 90 per cent recovery represents material that was 
ingested * May, for instance, 20 per cent of the substance he 
stored or be utilised m the body, and 10 per cent be simultaneously 
liberated from the body ? Obviously the measurement of mtake 
and excretion can give only the algebraic sum of changes winch 
may be simple or may be very complex Further insight into the 
processes taking place intermediately may be obtained by studying 
the excretion vhen the intake of a: is nil, either by giving a diet free 
Ircm x (or its precursors), or by giving no diet at all (t e , by studying 
5" ^ metabolism”) Again, further information may 

result from blood analysis, and so on J 

coUecl ‘°n «nd preservation of Hood and of evcreta have 
m ZF descrlbcd I" adults there is Beldom much difficult}' 

difRnnlf mn ° 16 requia ! te excre ^ a f° r analysis, though often greater 
„ Z £ !i^ perie r nced w,th ferante with male pat, entsfowung 

and tlieFvv. Cm nallocl I separately tile urine and the feces, 

the Timet urrenceofmetistr matron In infants and young children 
merhFm 1 0k,toc '“ greater, for which reason carious 
“uZ hTa'r ,,Mn mtredu “ d . 'S, the “Hoobler” 
mnerallv en b ° r n “ otber }vmi ’ 11,0 f “ ct that “n infant's diet 
Tln n l r ° f r sle « an advantage 

carboln dratpq 10n f k at he ma ^e mclude the metabolism of 
salts and 11 ,^™ e J I1 s and other nitrogenous substances, fats, 
" am, ns The f ft h0 , 8 '," dy ° f tbe " 0,d bas0 balance and of 
hieTLe! F “ ?'“f ,de the “ope of Hus book The acid 
onhe clmSl »n,!r Cn , deal C \ ,th ,n Chapter IX A lmef account 
pp cation of the other metabolic studies follows 

WATER METABOLISM 

denied from'thZ*^ 60 70 p<:r ctnt of tllB b ° d y " e 'S ht 14 13 

m otlicr honid<t *i» ,aui so U rces > the water consumed as such and 
M Inorlan ns , ""} er “ , E0 »° bd foods which is quite 

“unufthT™! . " a r er ? h 9“ ld f °°*. “"d the water formed 
animal, ea SVT ° f ?' tbob J d r»tcs, Proteins and fa.s Seme 
animal,, eg, rabbits and guinea p,gs, can obtain all the water 
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they require from “ solid ” foods, and some human beings excrete 
m the unne more water than is contained in the liquid part of their 
nourishment It is clear, therefore, that the clinical practice of 
measuring the fluid intake, and comparing it with the volume of 
urine excreted per diem, is of doubtful value, smce the water 
ingested in solid food and the water lost in the feces, in the breath 
and through the skin, is not measured 

As a rule a little over half the total water elimination occurs 
nd the kidneys, 1 but in certam diseases tins proportion may be 
greatly reduced without serious results. It is well recognised 
that enormous losses of water may occur in the feces m severe 
diarrhoea, but the smaller but still considerable loss which may 
occur in stools which are not grossly liquid is probably not sufli 
ciently appreciated Loss of water by vomiting, m discharges, etc , 
has also to be considered in disease 

It has been shown by Benedict and by others that under ordinary 
conditions 250 to 400 gm of water may be lost daily m the expired 
air An increased respiration rate, fever, a lowered air temperature, 
and a lower humidity all increase this loss 

Soderstrom and Du Bois have shown that on the average 
700 gm of water daily are lost through the skin and lungs without 
any sensible perspiration, both m health and in disease, including 
patients with oedema With sweating the loss is greater Du 
Bois, in his interesting chapter, of which the above is an extract, 
suggests that as a rough clinical test, water intake may be repre 
eented by the total daily weight of all liquid and solid foods, and 
water output as the day’s total weight of unne, feces (sputum, 
vomit, etc ), plus 700 gm to represent water vaporised from skin 
and lungs (Allow 600 gm for a small person, 800 gm for a large 
person, at rest ) 

Incidentally a consideration of the above figures shows how 
absurd it is to attach any clinical significance to small gams or 
losses in body weight unless such small plus or minus variations are 
progressively up or down over a prolonged period of observation 
The practice of gauging the degree of oedema and/or invisible 
water retention by weighing the patient (daily j is sound Du 
Bois states “ It is difficult to say liow great the accumulation 
of extra fluid in the body must be before it is detected by the eye 
In some cases there may be, perhaps, a gam of 2 kilograms without 
visible cedema, in others, a fraction of this amount may become 
apparent m a puffinesa of the eyelids or sbght pitting of the shins ” 
The admitted difficulties in making accurate balance experiments 
for water, even under the carefully controlled conditions of scientific 
investigations, is sufficient “excuse” for the clinician’s neglect of 
water metabolism There is, however, no excuse for neglecting 
scientific observations which are quite accurate enough to demon' 
etrate that some of the past cherished clinical bebefs were little 
short of ridiculous 

1 Thus in health at rest and comfortably warm , approximate quantities are, in 
qrino 1 500 c c , in faeces, 100 c c , loss by skm and lungs, 700 c c daily 
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A brief account of hydraimia and anhydrmmia is given in 
Chapter XIX under “ Volume of Whole Blood and Plasma ” A 
fuller description will be found in Chapter nil of de Wesselow’s 
Chemistry of the Blood in Clinical Medicine Rowntree gives an 
excellent review of the water balance of the body, including a brief 
account of “ water intoxication " due to excessive intake of water 


CARBOHYDRATE METABOLISM 

In cluneal nork studies of carbohydrate metabolism are practi 
cally limited to diabetes melhtus, and to the various “ glj cosunas ” 
which have already been fairly fully considered m Chapters VII 
and VllI 

The intake is generally computed with the aid of tables based 
on average analytical findings This procedure is commonly 
accurate enough for the purpose, but the reader is referred to the 
work of McCance and Lawrence, which indicates that the analyses 
of many cooked vegetables and of some fruits require revision, 
and that only the “ available " carbohydrate should be considered 
when calculating the carbohydrate intake with the aid of tables 
Analyses of output are almost always confined to the urine, since 
the faecal carbohydrate is small and is probably largely derived 
from the bacterial decomposition of celluloses, etc In the writer’s 
opinion the necessity of careful supervision of the collection of the 
twenty four hours urme cannot be stressed too strongly , satis- 
factory collection is difficult, if not practically impossible, m the 
general wards of a hospital This does not imply that the nursing 
staff is inefficient It is almost inevitable under the conditions of a 
busy general ward m winch several nurses, some of whom are still 
ui training, are m turn responsible for the collection(and the diet) 
This statement is based on the observation that under the ordinary 
ward conditions with a diabetic patient on a fixed intake of carbo 
hydrate, protein fat and calories for several weeks (without msuUn) 
the output of glucose fluctuated about i 20 gm , nhereas when 
the same patient collected the urme himself the fluctuation did not 
exceed jz 5 gm daily 

In the writer s opinion another very important point is frequently 
overlooked, viz , the necessity of making the test periods sufficicntlj 
long The effect of a change in diet may last for several days, and 
each change should be followed by unnary analyses for at least 
six or sei en days before another change is made The rapid changes 
(eg , uith two-day intervals) in diet, used in certain systems of 
treatment, are, of course, essential if those forms of treatment axe 
to be earned out in a reasonable time The point is that the measure- 
ments of carbohydrate intake and of glucose excretion, when such 
quick change* are made, should not be regarded as constituting 
proper balance experiments 

There is room for further observation on the carliohj drate 
content of normal urine, and of non diabetic urines, under the 
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conditions of careful metabolic investigations Work on these 
lines lias been reported by Page and others 

Blood sugar curves and their interpretation are discussed in 
Chapter YU 


PROTEIN AND NITROGEN METABOLISM 

References to the excretion of nitrogenous bodies in the urme 
have been made m Chapter XVI, and the effect of varying the 
protein intake is illustrated in the table on p 295 Nitrogen in the 
faces is discussed in Chapter XXIV For accurate work it is 
necessary to determine the nitrogen ingested m the food, and the 
nitrogen excreted in both urme and feces , the results of such an 
experiment are illustrated on p 505 Since, however, the fecal 
nitrogen forms but a small proportion (generally 6 to 10 per cent ) 
of the total nitrogen excreted in unne plus fasces, its estimation is 
frequently omitted m clinical work, or an allowance of I gm of 
fecal nitrogen daily is made (see p 472) Moreover, the nitrogen 
intake is often calculated from tables showing the average nitrogen 
content of foods Admittedly'such a procedure cannot give more 
than an approximate measure, but it suffices to show any gross 
positive or negative balance In clinical work it is rarely necessary 
to undertake such tests, but it is very important for the clinician 
to realise the futility of estimating the urinary excretion per chem 
of total nitrogen, urea, uric acid, etc , without a knowledge of the 
intake To express the position in other words, the measurement 
of the day’s output in the unne of total nitrogen or of urea gives an 
approximate indication of the quantity of protein the patient is 
ingestmg 

The excretion of nitrogen during fasting is greater than during 
a nitrogen free diet containing carbohydrate and/or fat Likewise 
the mtrogen excretion on a diet largely limited to protein is greater 
than the nitrogen excretion on the same diet plus added carbo- 
hydrate and/or fat In other words, carbohydrate and fat arc said 
to ‘ spare ” protein, because when the energy requirements of the 
body are supplied by these foodstuffs, less of the body protein has 
to be broken down for energy purposes Indeed, if sufficient 
carbohydrate and/or fat are supplied in a nitrogen free diet, the 
mtrogen excretion represents solely the endogenous mtrogen 
metabolism, t e , mtrogen liberated by the death and the wear and 
tear of the cells in the body For further information the leader 
is referred to the physiological text books From the clinical point 
of view it is evident that nitrogen excretion not only depends on 
the intake of nitrogen, but also on the sparing action of the carbo- 
hydrates and fats simultaneously ingested m a mixed diet It is 
also clear that, m selecting a “constant ” diet for clinical work, it is 
necessary for the selected diet to be sufficient for calorific require- 
ments, if the addition of nitrogenous foods, or the action of certain 
drugs, and so on, is subsequently to be studied 
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The above remarks apply with equal force to studies of sulphur 
metabolism (c/ table on p 289) 


FAT METABOLISM 

Fats are excreted entirely in the faeces A discussion of fecal 
fat mil be found in Chapter XXIV, including an explanation of 
the use of the term “ fat ” to include all material soluble in ether 
or other fat solvents In metabolism experiments it is, therefore, 
only necessary to estimate the fat in the food and the fat excreted 
in the feces In clinical work the fat in the diet is generally calcu- 
lated with the aid of tables giving the average percentages 

It should be remembered that some of the fat in the feces may 
have been excreted into the bowel from the blood, probably ltd 
the bile In other words, the fecal fat is the sum of that unabsorbed 
plus that excreted into the bowel The feces during fasting contain 
small quantities of fat, which probably represent that excreted, 
together with that derived from desquamated epithelial cells and 
from bacteria 

Fat metabolism observations are most often made in children 
to study the retention m intestinal disease, in congenital steatorrboea, 
etc They may also be requested m investigating hepatic and 
pancreatic disorders in both children and adults The metabolism 
period should be three days at least More accurate results are 
obtamed with longer periods — up to seven days A metabolism 
bed is necessary for infants and young children 

Tidwell and Holt have shown that in normal infants at least 
90 per cent of the so called “ neutral fat ” consists of unsapomfiable 
matter In certain pathological conditions, or with diets containing 
poorly absorbed fats, the true neutral fat (triglycerides) does rise, 
but the only way of showing this satisfactorily is to determine the 
daily output of each of the fat fractions — -their percentage 
distribution may be misleading 

The following table, from a paper by Dr Sheldon and the 
writer, gives the fat retention findings of Holt, Courtney and Fales 
for normal and abnormal children, and our own results (four day 
metabolism periods) in two cases of c celiac disease 

In normal infants who are breast fed, over 90 per cent of the 
ingested fat is retained On modifications of cow’s milk, fat retention 
is not quite so good, but m most cases it exceeds 70 per cent In 
older children on mixed diets it generally exceeds 90 per cent 

In ncheta fat retention is usually normal Simple diarrhoea 
often reduces the quantity of fat retamed, in some instances 
considerably In chrome intestinal indigestion there is frequently 
a considerable loss of fat w the feces In fact, so far as analytical 
data aro concerned, there is no difference between typical ccchac 
cases and some of the more severe examples of chrome intestinal 
indigestion 
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SALT METABOLISM 

Metabolism studies may be made with regard to sodium, 
potassium, chlorine, calcium, phosphorus, magnesium, or iron 

The urinary excretion of cldorine has been referred to in 
Chapter XV The faeces contain practically no chlorides 

Salts of calcium magnesium and iron are not readily absorlicd 
Moreover, thej are all said to be excreted into the large intestine 
Usually about 80 to 90 per cent of ingested calcium, and about 
60 to 70 per cent of magnesium, are eliminated in the fa?ces The 
ratio of fascal to urinary phosphorus vanes considerably, but the 
proportion m the faeces is commonly 20 to 50 per cent A higher 
proportion of calcium tends to be eliminated in stools containing 
an excess of fatty acids 

The urinary excretion of these salts has been mentioned in 
Chapter XV {tables, pp 289 and 294) In metabolism investigations 
the quantities should be determined in the food as well as in the 
urine and faeces The clinical expedient of computing the intake 
with the aid of tables is of doubtful utility, except when gross 
abnormalities are revealed because the composition recorded is 
the average of analyses showing variations of the order of i 19 1° 
20 per cent of the mean (c/ McCance and Shipp) 

In clinical work balance experiments are undertaken most often 
for calcium and phosphorus in rickets and other bone diseases, 
in tetany and lately in generalised osteitis fibrosa (hyperpara- 
thyroidism) A good and simple account of the complex nature of 
calcium metabolism 13 given by Herbert It is essential to realise 
that in all conditions including health, a negative calcium balance 
will he obtained if the intake is limited to 100 or 200 mgm of Ca 
dailj , the calcium in the diet must bo 400 to 500 mgm datly 
before absorption can keep pace with excretion These balance 
experiments are laborious and time consuming and must of necessity 
be confined to special investigations Telfer has reported an 
interesting senes of observations on calcium and phosphorus 
metabolism Mineral metabolism in relation to acid base equilibrium 
is review ed by Shohl Sherman estimated that an average intake 
of 0 45 gm of calcium (as Ca) and 0 88 gm of phosphorus (as P) 
per 70 kgm of body w eight, are required dailj for maintenance 
In clinical work it is important to realise that estimations of 
urinary calcium and phosphorus are practically valueless except 
as part of a metabolism test 



METABOLISM EXPERIMENTS 605 

The following table illustrates the results of a balance experiment. 


(From Haw h and Bergeim’s Practical Physiological Chemistry) 
Balance of Calcium Magnesium Phosphorus Sulphur and 
. Nitrogen m Acromegaly {partly recalculated ) 



' Calcium | 

1 Magees uni J 

| Phosphorus 

j Sulphur | 

| Nitrogen 

Grains 

Ingestion (clailj) 

0 934 

0 292 

1 393 

1 190 

18 84 

Excretion urine 

0 099 

0 096 

0 742 

1-006 

17 60 

„ f trees 

0 6S3 

0 136 

0 437 1 

0 135 

1 10 

„ total 

0 782 

0 232 

1 179 

I 141 

18 70 

Retention daily 

0 161 

0 060 

0 214 

0 049 

1 0 14 

,, per cent 

16 2 

20 6 

15 3 | 

4 1 

07 
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CHAPTER XXVI 

MISCELLANEA AND CONUNDRUMS 


ARGYRIA 

Generalised argym is a rare condition nowadays The 
patient’s skin has a characteristic Blate blue or leaden tint, due 
to the deposition of silver in the skin Silver is also deposited 
in the liver, kidneys and elsewhere Though the “ pigmentation ” 
of the skin, is most marked m the exposed parts, it is unlikely that 
the action of light has any direct effect on the formation of the 
black deposit (metallic silver, or silver oxide) The condition 
was common in the middle of the last century The silver was 
absorbed from the mtestme as a rule, following prolonged oral 
administration of silver salts (for tabes, epilepsy, etc ), but occa- 
sionally the silver was absorbed from other Bites (e g , from tho 
vagina, following douches) 

Localised argym, or argyrosis (industrial, or due to local 
applications to tho conjunctiva, etc ), is not uncommon at the 
present time 

As an extension of the clinical examination, histochemicnl 
investigation of a piece of skin obtained bj biopsy is valuable 
Unstamed paraffin sections and sections lightly stained (e g , with 
methyl green and eosm) should be examined The routine 
comparatively intense stains (e g , hsematoxyhn and eosm) may 
partially or completely mask the very fine granules of silver The 
silver is deposited in the basement membranes of the sweat glands 
and sweat ducts, and to a lesser extent in the sebaceous glands 
and round the elastic fibres in the dermis In one case examined 
by Dr Firth and the writer (Brit J Derm Syph , 1924, 36, 105), 
there was no deposit round the elastic fibres The sweat glands 
and sweat ducts were readily picked out m unstamed sections, 
owing to the deposit of silver in the form of extremely fine granules 
The silver may be removed from the sections by takmg them down 
the alcohols to water in the usual way, and then treating them with 
a mixture of equal parts of potassium femeyamde (10 per cent ) 
and sodium thiosulphate (20 per cent ) for fifteen minutes or longer, 
untd the silver has been dissolved out So far a3 the writer is aware, 
no other deposit m the skin situated m the sites mentioned would 
be removed by this chemical treatment The silver may be men 
more readily removed by 2 per cent aqueous sodium or potassium 
ejamde solution, apphed for about ten minutes 

BLOOD : DETECTION OF BLOOD STAINS ON 
CLOTHES, ETC 

The examination of a stain for blood is generally undertaken 
by an expert in forensic medicine and toxicology, or bj a public 
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analyst The chemical pathologist is occasionally requested to do 
this work, and the student is expected to know the general principles 
of the subject, wherefore a brief account is given here 

If the suspected stain is on metal or any other hard surface, it is 
scraped off, and portions or the whole of the scrapings (depending 
on the amount) are examined for blood If it is on clothes, paper, 
etc , the stain is cut out, and the whole or portions of the material 
are treated as indicated below 

The older methods consisted in the extraction of the stain or 
scrapings with distilled water, or physiological saline, or 1 per 
cent ammonia, or a cold saturated solution of borax containing a 
trace of ammonia, and so on The extract was then examined 
spectroscopically for hemoglobin and its derivatives, or by means 
of the guano, benzidine, reduced phenolphthalein, etc , tests, or 
an attempt was made to prepare Teiclimann's hfemin crystals 
Of recent years these methods ha\e largely been discarded in 
fa\ our of the preparation of haeniochromogen crystals in the presence 
of pyndme (see below), and the confirmation of the nature of the 
crystals spectroscopically, either directly with a m 1 cr ospe c tros c ope 
or, after solution of the crystals, with an ordinary direct vision 
spectroscope The absorption bands of haemocliromogen are 
illustrated on p 212 (There is a very slight difference in the position 
of the bands of pyridine haemochromogen and of globm hsemo 
chromogen, but this cannot be detected by the ordinary hand 
spectroscope ) 

If a nucrospectroscope is available another simple method is to 
add one or two drops of concentrated sulphuric acid to the scrapings 
or stain placed on a microscope slide, cover and examine for the 
bands of acid porphyrin (for spectrum see p 212) 

The ease of detection of blood simply depends on the amount , 
the methods used for blood m unne (Chapter X) or in gastric 
contents (Chapter XXII) serve also for stains winch are relatively 
large , it is when the stain is small that there is difficulty , clearly 
it is necessary to make sure that negative results are not due merely 
to the effect of the dilution introduced in the test, and it follows 
that negative results should not he reeorded until sensitive methods 
(cf p 212 for relative intensities of absorption bands) have been 
employ ed in winch the dilution effect is small Naturally none of 
the chemical methods differentiate human blood from that of other 
animals 

Pyridme-Haemochromogen Test (cj Kerr and Mason, Brit 
Med J , 1926, i , 134) 

Treat the scrapings, or the stain which has been cut out of 
cloth etc , on a microscope slide with 2 or 3 drops of Takayama's 


solution 2 which consists of — 

10 per cent sodium hydroxide 3 c c 

Pyndme 3 „ 

Saturated aqueous glucose 3 , 

Distilled w ater 7 „ 
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Mount under a cover slip and examine with the microscope 
If blood is present the colour changes through green brown and 
dark red to pink, and the characteristic salmon pinkhumochromogcn 
crystals usually appear in one to six minutes A negative result 
should not be recorded unless crystals are absent at the end of half 
an. hour The crystals (Fig 83) are rhomboids or rod shaped, or tiny 
elongated rectangles with oblique ends, very similar in appearance to 
hsemm crystals but pink and not brown 



The NaOH dissolves the blood and liberates alkaline hscmatm, 
which is Teduced by tbe glucose to alkaline reduced lisematm and 
this combines with pyridine to give pyndine haemochromogen 
If the test is performed at room temperature, as above described, 
the Takayama solution is less sensitive immediately after preparation 
than when it has been kept for two days or longer If, however, 
the slide is heated till bubbles appear, crystals are formed almost 
at once even with fresh Takayama solution Moreover, unlike the 
htemrn test there is no danger of over heating The solution keeps 
for one or two months 

This method is more sensitive and simpler than Tcichmann’s 
haunm test and gives positive results with blood stains that have 
been heated to 150° C , or that have been washed in hot water, 
or that are contaminated with rust 

GAUCHER’S DISEASE AND NIEMANN’S DISEASE 
In both "these diseases tbe spleen is enlarged, nnd paraffin 
sections of the spleen show large cells with spaces caused bj solution 
of lipoids bj the solvents used in the paraffin process Irozen 
sections should therefore, he prepared as well as paraffin sections , 
unstained and stained sections should be examined under the 
polarising microscope For a discussion of the different fat and 
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lipoid shuts w Inch may be used, the reader should consult histo- 
logical manuals and the papers referred to below 

From the chemical point of mow, the spleen cells in Gaucher’s 
disease are said to contain her asm, and there is no hpaemia and 
no hypercholesterolemia In Niemann’s disease (or “ lipoid 
liistiocj tosrs * ) the deposits in the spleen consist of pliosphatides, 
cholesterol, and cholesterol esters, and not of kerasin, and there is 
ty pically lip-emia and hypercholesterolemia (MacFate, R P , Arch 
Path , 1928, 6, 1054) 

Tor further information the following references should bo 
consulted — 

Act A F and Bloom \\ J Avter Med Assoc , 192s 90, 2076 
BaoUANK, T, Ivr.i-.vK E and Schehjeooek, S Ergebn attg Path path Anat 
1936 30, 183 

Bloeh T F , Groev, J , and Postma C Quart J Med 193C 29 517 
Brill, A E , et al Am J Med Sc 1901 121, 377 1005, 129, 491 , 1909 
137, 849 1913 146 863 

Howmanv S J , and Maxler M I Amer J Dis Chid, 19°9 38 775 
Picl. L Ergebn inn Med Kxndtrhedk , 1926 29, 519 , and Am J Med Sc , 
1933 385, 453 and 601 

W elt S Rosenthal N and Oppeniieimer B 8 J Amer Med Assoc , 1929 
92 637 

GOUTY TOPHI 

In order to demonstrate that tophi are due to gout they are 
examined for crj'Stals of sodium biurate Occasionally, when the 
contents of the tophus are liquid, it is possible to aspirate enough 
fluid for microscopical examination with a needle and syringe 
Usually, however, a small incision into the tophus is required, 
after which a smear may be made on a slide from the expressed 
juice The smear is mounted under a cover slip with the addition 
of a drop of water if necessary, and examined with a £ m objective 
for the characteristic acicular crystals of sodium bmrito If a 
polarising microscope is employed, it will he seen tint the crystals 
are anisotropic (doubly refracting) So far as the writer is aware, 
anisotropic acicular crystals obtained from a tophus can only be 
sodium biurate 

The only swellings likely to be mistaken for gouty tophi are 
small sebaceous cysts or small tumours, neither pf which yields 
acicular crystals 

HEMOCHROMATOSIS 

The characteristic bronzing of the akin in this disease may or 
may not ho associated with glycosuria The glycosuria is due to 
cirrhosis of the pancreas, and if this is very extensive the glycosuria 
is accompanied by signs and symptoms of diabetes hence the 
older name “ bronzed diabetes ’ The chemical examinations of 
the blood and urine in this type of diabetes are the same as those 
required in diabetes melhtus and have been considered previously 
in Chapters VII and VUI 

The diagnosis of hemochromatosis may he established con- 
clusively during life by examination of a piece of excised skin for 
iron Paraffin sections are prepared in the usual way, care being 



510 


CHAPTER XXVI 


taken m the process to exclude gross dust, and reagents containing 
iron or acids Alcohol is the best fixative The sections are taken 
down the alcohols into water, and are then placed for twenty to 
thirty minutes in a freshly prepared 2 per cent solution of potassium 
ferrocyamde in 1 per cent v/v hydrochloric acid They are then 
washed in distilled water, and counterstamed with eosin, safranin, 
or neutral red The preparation is completed in the usual way 
Several modifications of the above technique are given m the 
histological text books Thus the “ iron reagent ” may include 
ferricyamde (which yields ferrous femcyamde or Turnbull’s blue 
with ferrous iron) as well as ferroejanide (which combines with 
ferric iron to form ferric ferrocyamde or Prussian blue) Organic 
mm (but not haemoglobin) may be “ unmasked ” by preliminary 
treatment with acid alcohol (eg , 3 per cent mtnc acid in 95 per cent 
alcohol) In the writer's experience these modifications are 
unnecessary in the examination of skin sections ui hemochromatosis 
Ammonium sulphide reacts with both ferric and ferrous iron, but 
is not specific for iron, since salts of silver, mercury and lead are 
also stained The iron containing pigment in hemochromatosis 
is called hemosiderin the chemical nature of which is not known 
with certainty, though it is commonly regarded as an oxide of 
ferric iron Another pigment, hsemofuscm, which does not contain 
iron, according to some, or which contains only “masked" iron 
according to other workers, is often associated with hemosiderin 

The iron reaction is most conspicuous in the dermis, and is often 
marked round the bases of the hair follicles and the sweat glands 
The pigmentation of the skm in hemocliromatosis is caused partly 
by the deposition of hemosiderin in the dermis, and partly by an 
excess of melanin in the deepest layers of the epidermis According 
to Mallory el al (J Med Research, 1920-21, 42, 4G1), this excess of 
melanin may result from damage to the adrenals by the deposition 
of haemosidenn therein 

It is generally considered that hfemochromatosis is due to an 
increased avidity of the tissues for iron Sheldon ( Quart J Med , 
1927 21, 123) found an excessive deposit of iron m all the tissues 
examined except the blood, which contained possibly slightly less 
than normal Since the time taken for these deposits to accumulate 
is very long he suggests that possibly haemochromatosis is an inborn 
error of metabolism, the accumulation of pigment being so slow 
that the characteristic clinical symptoms (pigmentation of skin* 
cirrhosis of liver, sclerosis of pancreas and resulting diabetes) do 
not appear until middle age 

As a result of metabolism experiments it has been found that 
there is some retention of food iron Garrod et al (Quart J Med , 
1913-14, 7, 129) failed to detect iron in the bile, fasces and urine 
The quantity of iron in the blood of their case, and of other reported 
cases, is not increased according to modern standards 

Several other hypotheses as to the octiology of lucmochromatosis 
have been advanced, for a discussion of which, together uith fuller 
details of the disease, and an extensive bibliography, the reader is 



MISCELLANEA AND CONUNDRUMS 


511 


referred to Sheldon’s book { Ifomochromalosis . London H Milford, 
- Oxford Uimcmtj Pres*, 1935) 

SCLEREMA NEONATORUM 
(Adiponecrosis subcutanea neonatorum) 

Tins is an uncommon condition peculiar to infants, and is 
characterised by hard, 'well defined thickenings of the subcutaneous 
tissues The diagnosis ma> be established during life by examination 
of a piece of excised skin and subcutaneous fat Frozen sections 
show , m the subcutaneous fat, large numbers of sheaves of a ocular 
crystals which arc anisotropic (doubly -refracting), and winch he 
within fat globules and free It has been concluded that these 
crystals consist of neutral fats, presumably stearin and palmitin 
Histologically the picture suggests a primary chrome inflammation 
(possibly toxic in origin) with a patch} necrosis of fat , there is 
giant cell formation and a varying degree of calcification Chemical!} 
(see table) there is a definite elevation of the melting point of the 

Subcutaneous Fat tn Health and in Sclerema 
(Cimnnon and Harrison) 
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XANTHOMATOSIS 

Xanthoma nodules in the skin have a yellow colour winch 
varies from bright yellow to reddish yellow , depending oil the 
Trd e ,l hyP ™ i . The yellmr P'8™ e nt is probably a hjfochrome 
? e8tab!lsM by examination of an ercTrf 
Histologically xanthoma turnouts generally show 

thes^ cefc aree^ “ paraffin seet.ons The spaces 

In frozen section* 6 *i, y so utlon °f lipoids m the paraffin process 
nu , merom *>>■»? refracting (amsitropic) 
is made under th t acicu ar crystals are seen ‘when examination 
crossed each S mg nucrosco P e With the Nicol’s prisms 

ssn? z—t 

contain an ttSESfcX “ 

and non diabetw "'ll autaneoua xanthomatosis, diabetic 

with diet arrfinmi.nl , ? ab , etlc vanet y suitable treatment 
nodules which have a orZOfti* 0 i tbe ^P 1 ^ dlsa Ppearancc of those 
BoplVoTim^ b ° n °? R H , Bull Johns 
no apparent effect either on th^l" 011 d ! ab , etlc vanet y msuhn 1,os 
xanthoma deposits /Imrram b yP® rcboI esteroliemia or on the 
39, 335) Sirf®’/ T > Br « J Derm Syph , 1927, 
eterohemia of a case of nenh™° Unab J e to reduce the liyperchole 
1924 43, UGO) W)nl«f P ir0SI3 msu kn (Chem and Indus/ , 
obviously diabetic and mth xanthomatosis are 

show no evidence of hvnemNr ftCF m ° St careful blood examination 
on unrestricted diets bSt do® y6t °, thera bave n0 g 1 y cosur,a 
transient glycosuna after ni baVe %P e rglycremia with or without 

as potentlf Seta n" d T ?“”*“* be re S ar<W 

Wile, U J Edita, bc L V‘ Syl>h ' 1923 35, 81 . atti 
and Syph , 1029, 20, 4891 Th.’, a J d , Curto ' A C, Arch Derm ' 
workers as coimecting the nH,„ . B regarded by some 

consider that true nnnS.,a,i taer ^ ,vo * hut other investigator! 
condition Ie santliomatosis is quite a separate 

but several caseThaTO'be^reMrtS DU t3 T eS ° f ’'anthomatosis, 
cholesterol was coincident w n P orted 111 which a normal blood 
generally assumed that the x \ xantboma nodules It has been 
is due to persistence of ti» djn ®, a normal blood cholesterol 
cholesterohemia has ^ after tb ° b yP er 
are due to an excess of «L.i, the xanthoma deposits 

been conclusively proved „nd ^ cholesterol, however, has not 
up this view ’ recent writers have tended to give 

(b!°J 3 l r 3 'I“, der to Weber-s p*. 

of which gn c extensn c references and *° tbo art,c ^ es cited, most 
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Analysts of a Xanthoma Nodule 2 



Xanthoma 

Contiot * 

Cholesterol as percent of ether soluble matter 

29 4 

3 60 

„ ,i ,, dried tumour . 

92 

0-53 

„ t , „ fresh tumour 

2 8 

0 16 

“ Total lipoids ” (ether soluble matter) as per cent 
of dried tumour 

“ Total lipoids ” (ether soluble matter) as per cent 

21 3 

14 8 

of fresh tumour 

95 

4 4 


* The control estimations were performed on a piece of skin obtained post 
mortem from another patient of about the same age, who did not have xanthomatosis 
or diabetes The skm included epidermis and dermis but only a trace of 
subcutaneous fat 

* Proc Hoy Soe Med , 102-1 18 (Sect Dia Child ) 7 


CONUNDRUMS 

Now and then the chemical pathologist is given interesting 
problems which may often be solved with the aid of the simple 
chemical and microscopical methods described in previous chapters, 
if interpreted in the light of the clinical findings For instance, 
the recognition of pseuclo calculi (Chapter IV), the confirmation of 
the presence of methylene blue in the urine by reduction with 
glucose (Chapter XI) and the Sudan III test for chyluna (Chapter 
XIV) provide examples 

The evidence from which it may be deduced that a Bample of 
urrno has been contaminated by faeces is given in Chapter IV The 
reverse condition, viz , the contamination of fseces by urine, may 
be obvious to the naked eye, hut if not obvious the follow mg test 
may be applied 

Strain off the liquid from the faeces, or, select a semi liquid 
portion of the etool and add about an equal volume of distilled 
water Bring to the boil and filter Test the filtrate for chlorides 
with nitric acid and silver nitrate (see Chapter II) Uncon tamina ted 
ffeces contain only the merest trace of chlorides, wherefore only a 
slight opalescence will be observed Faces plus urine will give rise 
to a more or less dense precipitate of silver chloride 

Occasionally it is important to know whether the discharges 
from sinuses following operations in the region of the kidneys or 
bladder (e g , for hernia, etc ) contain urine The recognition of 
urine is generally simple The colour or reaction, if acid, may lead 
to the suspicion of urine, but the diagnosis can generally be clinched 
by an estimation of urea Thus m one case of this nature the 
urea amounted to 1 02 per eent In another instance, the 
“ exudation * from a herniotomy scar contained 2 4 per cent of 
urea Since, however, the blood and other body fluids also contain 
urea, quantitative determinations are essential, and when the 
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sums fluid does not contain a gross concentration of urea (as it 
did in the above cases), it is necessary to estimate simultaneously 
the urea in the blood This aspect of the problem arose in a request 
to ascertain whether the fluid from a cyst, in a case of congenital 
cystic disease of the kidneys, contained urine or " cyst fluid ” The 
results of examination were as follows — Colour, amber , reaction, 
slightly alkaline to litmus (the fluid had stood for several hours 
before examination) , protein present in large quantities , urea, 
0 41 per cent , chlorides as NaCl, 0 643 per cent , spectroscopically, 
no absorption bands The colour pointed to the fluid containing 
urine, and both the urea and the chlorides were a little higher than 
would be expected in a cyst fluid, but without a knowledge of the 
blood urea, which might easily be 400 or 500 mgm per 100 c c 
(0 4 or 0 5 per cent ) in such gross renal inefficiency, it would be 
unwise to state dogmatically that the fluid did contain unne - 
One of the writer's diabetic patients skilfully substituted tap- 
water for the unne he tv as supposed to be supplying to his father 
for sugar tests, and explained the absence of colour by declaring 
that he was drinking a great deal 1 When analysed, the reputed 
unne contained no urea and a mere trace of chlorides 

Chemical examination of discharges from laparotomy wounds in 
the neighbourhood of the liver and pancreas may be valuable in 
deciding whether there is a leakage of pancreatic juice An estima- 
tion of the concentration of diastase (Chapter XHI), and testa for 
trypsin 1 (see Chapter XXTV), usually provide a conclusive answer 
to the conundrum The following is an example — “ The fluid is 
blood stained, alkaline to Utmus, contains trypsin, and 2,500 units 
of diastase per 1 c c Pancreatic juice is certainly present ” The 
Bame problem may arise m cases of biliary fistula, viz , is pancreatic 
juice escaping as well as bile ? The following result was obtained 
recently — " The fluid is deeply stained with bile, alkaline to litmus, 
contains trypsin, and 2,000 units of diastase per 1 c c There must 
be an escape of pancreatic juice as well as bile ” Whilst discussing 
testa for enzymes, it is interesting to record that m the fluid from a 
fistula, which was suspected to originate from the parotid duct, 
10,000 units of diastase were found per 1 c c , thus confirming the 
suspicion 

At one time in a certain institution the new born babies all 
suffered from sore buttocks, which it was thought might be due 
to incomplete rinsing of the diapers after they had been washed in 
soda This surmise was supported by the following simple observa- 
tion A diaper on its return from the laundry was soaked in a 
Bmafl quantity of water, which was then tested with red litrauB 
paper, which turned deep blue 1 

It has more than once been suggested that m gross renal 
inefficiency there may be an actual excretion of urea and other 
bodies into the bowel, and that for this reason the vomiting in 
uncmia might in part be regarded as a compensatory mechanism 

1 These diacliarges are alkaline, eo no adjustment of reaction is necessary for the 
trypsin test physiological saline is used, ns control (cf p 482) 
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In two cases, analyses of the blood and vomit did not support this 
hypothesis, the results being readily explicable as a simple diffusion 
of urea into the gastric, the intestinal and the other secretions poured 
into the bowel 

Case I Case II 


Blood urea, mgm per 100 c c 

219 

316 

Urea in vomit, mgm per 100 c c 

116 

125 

Ammonia in vomit, mgm per 100 c c 

22 

22 

Urea m ascitic fluid, mgm per 100 c c 

215 

— 

Occasionally it is necessary to decide whether fluid escaping 
from the nose, ear or a wound of the skull contains cerebrospinal 


fluid The most useful tests are for chlorides (in normal cerebrospinal 
fluid 700 to 760, in normal serum 560 to 620 mgm per 100 c c ), 
and for proteins (in normal cerebrospinal fluid 10 to 35, m normal 
serum 5,G00 to 8,600 mgm per 100 c c ) , but if the discharge is 
grossly contaminated with blood, identification of cerebrospinal 
fluid is difficult or impossible 

The differentiation between serum and plasma may be a problem 
of importance Thus the analyst may receive a fluid without 
information as to whether it be serum or plasma , or plasma may 
have been forwarded for a 'Wasaercnann reaction, and the problem is 
how to prepare Bemm from it , the identification of plasma likewise 
is useful as a class exercise to illustrate the difference between plasma 
and serum The essential practical point is that if too much calcium 
chloride solution be added to plasma it will not clot , obviously 
there will be no clot if insufficient is added 

The Recalcification of Plasma To 1 c c of the fluid add 0 2 c c 
of a 5 per cent solution of crystalline CaCl 2 6H 2 0 (or 0 2 c c of 
2 5 per cent anhydrous calcium chloride) Mix, set aside, and 
examine from time to time If the fluid was oxalated or citrated 
plasma, m a few mmutes the mixture will clot into a gel so that 
the tube can be inverted without loss of contents Later the fibrin 
will contract and squeeze out the serum Coagulation is accelerated 
if the test is performed at 37° C 


17—* 
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REAGENTS . THEIR PREPARATION AND STANDARDISATION 

Acetic Acid Glacial acetic acid contains 09 to 100 per cent of 
the acid S G 1 060 

Acetic acid BP is 33 per cent w/w SGI 044 to 1 045 

An approximately N/I solution may be prepared by diluting 
60 c c of glacial acetic acid with distilled water to 1,000 c c (c/ 
table on p 5) 

Acetone B P , 56 5° C S G 0 796 to 0 801 Dry over calcium 
chloride 

Alcohol See S G tables and B P of organic solvents When 
recovering alcohol distil from calcium oxide (quick lime) 

Alcoholic Soda For differential estimation of “ fat ” in feces, 
Chapter XXIV 

An approximately 0 IN solution may be prepared by dissolving 
4 2 gm of stick caustic soda in about 10 c c of distilled water, and 
diluting to 1,000 c c with absolute alcohol The solution ib allowed 
to stand for twenty four hours or longer, and is then accurately 
standardised against a 0 1 N solution of pure oxalic acid ( q v ), using 
phenolphthalein as indicator 

Ammonia Solution or Ammonium Hydroxide Concentrated 
ammonia solution has a S G of O 88 To make an approximately 
N/l solution dilute 60 c c of concentrated ammonia solution with 
distilled water to 1 000 c c (c/ table on p 5 and S G tables) 
Ammonium Molybdate Solution See “ Calculi,” Chapter IV 
Dissolve 12 4 gm of crystalline ammonium molybdate ( (NH 4 ) 9 
Mo,0 21 4H a O) in distilled water without heating, and make up to 
100 c c Alternatively a saturated solution m water may he used 
Some samples of molybdate contain traces of phosphate, 
wherefore the following alternative solution is often employed 
Powder 7 5 gm of crystalline ammonium molybdate in a mortar, 
and then rub it up with 30 c c of concentrated ammoma (S G 0 88) 
When solution is complete, pour it gradually into a mixture of 
90 e c of concentrated nitric acid (SGI 42) and 40 c c of distilled 
water, cooling thoroughly during the addition Add 160 cc of 
distilled water, and filter if necessary On boiling 5 to 10 c c of 
the final solution a yellow precipitate should not be obtained 
If a yellow precipitate is noted, the mam bulk of tbe final solution 
should be placed in the incubator at 37° 0 for several days, until 
there is no further precipitate of ammonium pkospbomolybdate 
The clear and colourless supernatant fluid is then decanted 

Ammonium Sulphide (yellow) For reduction of hemoglobin 
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and derivatives (see Chapters X and XVUE} This is usually 
purchased 

A colourle ss solution of ammonium sulphide can be made by 
saturating a 1 m 3 ammoma solution (1 part of concentrated 
ammonia, S G 0 88, and 2 parts of distilled water) with H 2 S, and 
then further diluting the solution with a third of its volume of 
the 1 m 3 ammoma solution 

Ammonium Sulphocyanide or Thiocyanate, For use in chloride 
determinations (see Chapter XXH) An approximately N/10 
solution is prepared by dissolving about 8 gm of the salt m 1,000 c c 
of distilled water It must be standardised against N/10 silver 
nitrate Ammonium thiocyanate is hygroscopic and is decomposed 
by heat 

Aufrecht’s Reagent. For protein determinations (Chapters III 
and XX) 

Picric acid 1 5 gm 

Citno acid 3 0 „ 

Distilled water to 100 c c 

Benedict’s Qualitative Solution. For “ Sugar,” see Chapter VI 

Sodium citrate . 173 gm 

Sodium carbonate, anhydrous 100 „ 

Copper sulphate, crystalline 17 3 gm 

Dissolve the citrate and carbonate in about 600 c c of distilled 
water in a large beaker, with the aid of heat Dissolve the copper 
sulphate in about 100 c c of distilled water m another vessel, and 
pour it with constant -stirring into the carbonate citrate solution 
Transfer to a 1,000 c c volumetric flask Wash out both beakers 
with three or four portions of distilled water, and add the washings 
to the flask Mix well, cool to room temperature, and make up to 
1,000 c c with distilled water Filter if not clear The solution 
keeps indefinitely 

Benedict's Quantitative Solution See Chapter VI. 

Sodium citrate . . . 2ui3 gm 

Sodium carbonate, anhydrous . 75 ,, 

(or 200 gm of crystalline sodium 
carbonate, Na 2 C0 3 10H 2 O) 

Potassium thiocyanate . . 125 „ 

With the aid of heat, dissolve the above in about GOO c c of 
distilled water, filter and cool to room temperature 

Dissolve exactly 18 gm of pure air-dned crystalline copper 
sulphato m about 100 c c of distilled water, and pour slowly into 
the above solution with constant stirring Transfer quantitatively 
to a 1,000 c c volumetric flask Add 5 c c of 5 per cent potassium 
ferrocyamde and make up to 1,000 c c with distilled water 

Filter if necessary The solution keeps indefinitely 



SIS 


APPENDIX 


Bial’s Reagent for Pentoses See Chapter VI 

Orcmol . 0 4 gm 

Concentrated HC1, A R 200 c c 

10 per cent feme chlonde 0 5 c c 

This eolation keeps for a few weeks only, and should be discarded 
when a precipitate forms » 

Brom-cresol-green See Table of Indicators 
A 0 4 per cent solution is prepared by rubbing up 0 1 gm of 
the solid indicator in an agate mortar with 2 9 c c of N/20 NaOH 
Transfer quantitatively to a 25 c c volumetric flask and add 
distilled water to the mark For most purposes a 0 04 per cent 
solution is required, and is prepared by diluting the above I in 10 
with distilled water 

Biom-cresol-purple See Table of Indicators and Chapter IX 
Prepare a stock 0 4 per cent solution as described under “ Brom 
cresol green,” but use 3 7 c c of N/20 NaOH for each 0 1 gm of 
solid indicator For routine purposes dilute to 0 04 per cent. 
Brom-pbenol-blue See Table of Indicators 
A stock solution of 0 4 per cent is prepared, using 3 cc of 
N/20 NaOH for 0 I gm For general use as indicator dilute the 
stock solution 1 in 10 

Brom-thymol-blue See Table of Indicators 
As before prepare a stock 0 4 per cent solution, using 3 2 c e 
of N/20 NaOH for 0 1 gm Dilute 1 in 10 with distilled water to 
obtain a 0 04 per cent solution 
Bromine Water 

Prepare a saturated solution by shaking - a few drops of bromine 
with cold distilled water Continue the addition of bromine till 
2 or 3 drops remain in excess at the bottom of the bottle 
Cleaning Solution See “ Dichromate Cleaning Fluid ” 

Congo Red See Table of Indicators 

Congo red . 0 5 gm 

Distilled water 90 c c 

Alcohol (95 per cent or absolute) 10 „ 

Congo red paper may be prepared by pouring th© above solution 
over a piece of filter paper, which is then hung up to dry, and 
afterwards cut into small strips 

Cresol Red See Table of Indicators - 

Prepare a stock 0 4 per cent solution as described under “Brom 
cresol green,” but use 5 3 c c of N/20 NaOH for 0 1 gm of the 
solid indicator For use as indicator dilute the above 1 m 20 with 
distilled water (0 02 per cent ) 

Dichromate Cleaning Fluid 


Sodium or potassium dichromate 
Sulphuric acid, 25 per cent v/v 


10 gm 
100 cc 
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Ehrlich’s Diazo Reagent See Chapter XIV 

Solution A A saturated, or 0 1 per cent , solution of sulphamlic 
acid in 5 per cent v/v hydrochloric acid 

Solution B 0 5 per cent aqueous sodium mfcnte 

Tor use mix 50 parts of A and 1 part of B 

Esbach’s Reagent Bor Protein, see Chapter III 

Picrio acid 1 gm 

Citnc acid 2 „ 

Distilled water to 100 c c 

Fehling’s Solution (BP Codev formula) Tor "Sugar,” see 
Chapter VI 

The same solution is used for both qualitative and quantitative 
tests 

Solution (i ) ■*— 

Crystalline copper sulphate 34 64 gm 

Concentrated sulphuric acid 0 5 c c 

Distilled water to 600 c c 

Solution (u ) — 

Dissolve 176 gra of Rochelle salt (potassium sodium tartrate) 
with the aid of heat m 300 or 400 c c of distilled water Add 
77 gm of potassium hydroxide sticks and, when this has dissolved, 
cool and make up to 600 c c 

For use take equal parts of (i ) and (u ) The two solutions 
keep well , the mixed solution is stable for a few weeks only , 10 c e 
of the mixed solution are reduced by 0 05 gm of glucose 

Fouchet's Reagent For bilirubin see Chapters II, XII and 
XXIV 


Trichloracetic acid 25 gm 

Distilled Water 100 c c 

10 per cent feme chloride 10 „ 


Gunzburg’s Reagent For Free HC1 see Chapter XXII 
Solution A 10 per cent phloroglucin m absolute alcohol 
Solution JB 10 per cent vanillin m absolute alcohol 
For use mix 2 parts of A and 1 part of B 
Hydrochloric Acid See S G Tables and table on p 5 
Concentrated HC1 (S G 1 16) contains 36 6 gm of the acid in 
v 100 c c , and is about 10 N 

To prepare an approximately N/IO solution dilute the concen 
trated acid 1 in 100 with distilled water To determine its exact 
normahty standardise against 0 1 N caustic soda 

Hypobromite Solution See ‘ Sodium Hypobromite * 
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Table of Indicators (from Clark) 




Colour Change 

Ksrae 


Acid 

Alkaline 
or less odd 

Methyl violet .... 

0 1 to 32 

Green 

Blue 

Meta cresol purple (acid range) . 


Red 

Yellow 

Thymol blue (acid range) 


Bed 

Yellow 

Tropseolin 00 . . * . 


Pink 

Yellow 

Topfer’a reagent (di methyl- 
amino azo benzene) 


Red 

Yellow 

Brom phenol blue 


Yellow 

Blue 

Methyl orange .... 


Bed 

Yellow 

Congo red 

SSKIH 

Blue 

Red 

Brom-cresol-green . 

3 8 to 54 


Green 

Methyl red 


Red 

Yellow 

Propyl red ... 


Red 

Yellow 

Chlor-phenol red 

5 0 to 66 

Yellow 

Red 

Brom cresol purple . 

5 2 to 68 


Purple 

Litmus (azolitmin) 

4 5 to 8 3 

Red 

Blue 

Brom thymol blue . 

6 0 to 7>6 

Yellow 

Blue 

Neutral red 

6 8 to 80 

Red 

Yellow 

Phenol red 

6 8 to 8 4 

Yellow 

Red 

Rosohc acid 

6 9 to 80 

Yellow 

Red 

Cxeaol red .... 

7*2 to 8 8 

Yellow 

Red 

Meta cresol purple (alkaline range 

7 6 to 92 

Yellow 

Purple 

Thymol blue (alkaline range) 

8 0 to 9 6 

Yellow 

Blue 

Cresolphthalein 

8 2 to 9 8 

Colourless 

Red 

Phenolphthalem 


£ 


Thymolphthalein 

9 3 to 10 5 



Alizarin yellow G. . 

10 1 to 12 1 

Colourless 

Yellow 

Tropseolm 0 . . . . 

11*1 to 12 7 

Yellow 

Orange 
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Iodine Preparation of an Nf 10 Solution Dissolve 25 gm of 
pure potassium iodide in about 200 c c of distilled water Weigh 
accurately 12 692 gm of resubhmed iodine m a stoppered weighing 
bottle, and transfer into about 150 c c of the iodide solution in a 
1,000 c c volumetric flask Use the remainder of the iodide for 
washing the residual iodine out of the weighing bottle into the 
flask Shake well until the iodine has dissolved, and fill to the 
mark with distilled water Standardise against 0 1 N sodium 
thiosulphate (q v ), using soluble starch as indicator, and store in a 
dark stoppered bottle 

An approximately 0 1 N solution may be prepared by adding 
12 7 gm of iodine to 200 c o. of 12 5 per cent potassium iodide, 
shaking till solution is complete, and diluting to 1,000 c c with 
distilled water This solution is further diluted about 1 in 5, for 
immediate use, as an indicator for starch in diastase estimations 
(see Chapter XIII) 

The tincture of iodine used for bihrubmuna (see Chapter II) 
contains iodine 2 5, potassium iodide 2 5, distilled water 2 5, and 
alcohol to 100 parts 

Iron Alum Used as indicator in chloride estimations (see 
Chapter XXII) 

Either a 30 per cent or a saturated solution (see Chapter XXII) 
of ferric ammonium sulphate (NH^jjSOj Fe 2 (S0 4 ) 3 24H 2 0 
Kastle-Meyer Reagent. See “ Phenolphthahn ” 

Lugol’s Solution. Chapter XXIV 

Iodine . 4 gm 

Potassium iodide . 6 „ 

Water . to 100 c c 

Mercuric Chloride Chapter XVI 
A saturated solution is about 8 per cent 
Methyl Orange. See Table of Indicators 
A 0 1 per cent aqueous solution 
Methyl Red. See Table of Indicators 

To obtain a 0 05 per cent solution, dissolve 0 I gm of the solid 
indicator in 100 c c of absolute alcohol and dilute to 200 c c with 
distilled water 

When estimating urea in blood (Chapter V) a saturated solution 
of methyl red in 50 per cent alcohol is used 

Nessler’s Reagent For Ammonia, see Chapter V 
Double Iodide Solution Dissolve 150 gm of potassium iodide 
m 100 cc of distilled water Add 200 gm of mercuric iodide, 
Hgl 2 , and wait till solution is complete Then dilute to 1,000 c c 
with distilled water and filter Dilute the filtrate to 2,000 c c 

Ten per cent Sodium, Hydroxide Prepare a saturated solution 
of sodium hydroxide (about 55 per cent ) by adding an excess of 
NaOH to about 200 c c of water, and stopper securely After two 
or three days decant the clear supernatant fluid and dilute with 
distilled water to 10 per cent (Add 45 c c of water to each 10 c c 
of supernatant fluid ) Check the concentration of the sodium 
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hydroxide by further diluting 10 c c to 25 c c with distilled water, 
and titrating 10 c c of the supposed 4 per cent NaOH with N/l acid 
If the concentration differs from the theoretical by more than 
± 5 per cent (t e > if in the titration 10 c c of the sodium hydroxide 
require more than 10 5 e c or less than 9 5 c c of N/l acid) it must 
be adjusted 

Preparation of Ne&sler Reagent 

10 per cent sodium hydroxide 
Double iodide solution 
Distilled water 

Nitric Acid See table on p 5 
Concentrated nitric acid contains 99 1 gm of acid per 100 c c , 
and has a S G of 1 42 

To prepare an approximately N/l solution dilute G3 c c of the 
concenflfttelJjScid to 1000 c c with distilled water 

Ny\»n5er s ReagenP ^Tor Sugar ” see Chapters II and VI 
Dissolve 40 gm -^Rochelle salt (sodium potassium tartrate) 
and 20 gm -of-bismuth subnitrate in 1 000 ^ of 8 per cent sodium 
hydroxide ^ 

Obermayer’s Reagent For Indican see Chapters II and XIV 

Feme chloride 
Concentrated HC1 

Oxalic Acid 

To prepare a N/10 solution dissolve 6 301 gm of the pure acid 
(COOH) 2 2H a O in distilled water and make up to 1 000 c c 
Phenolphthalem See Table of Indicators 
* For most purposes a 0 04 per cent solution m 95 per cent or 
absolute alcohol is suitable "When titrating the fatty acids in fecal 
extracts (Chapter XXIV) a more concentrated solution (eg , 1 per 
cent in 50 per cent alcohol) is required 

Phenolphthahn or Reduced Phenolphthalem (Kastle Meyer 
'itvptvft), Wfotrti WiVmTrfc beet's, tVe tsee Chapter 

n XXIV and XXVI) J 

Dissolve 2 gm of phenolphthaldm and 20 gm of potassium 
hydroxide m 100 c c of distilled water Add approximately 10 gm 
of zino dust to the solution and boil until the pink colour has 
completely disappeared Decant from the zinc and make up to 
100 c c Add a speck of zinc dust to keep the solution reduced 
and filter or centrifuge before use The reagent becomes less 
sensitive with keeping 

Phenol Red See Table of Indicators v 

Grind up 0 1 gm of the solid indicator in an agato mortar With 
5 7 c c of N/20 NaOH Transfer quantitatively to a 25 c c 
^volumetric flask and complete the volume by the addition of 
/distilled water This gives a stock 0 4 per cent solution For 


1 gm 
500 c c 


700 c c 
150 „ 
150 , 
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use dilute 1 in 10 (0 04 per cent ), or 1 in 20 (0 02 per cent ) with 
distilled water 

Phosphoric Acid. The B P syrupy acid contains 89 (88 to 90) 
per cent w/w of H 3 P0 4 S G about 1 75 Therefore 100 c e 
contain about 156 gm of H 3 P0 4 , and as a tnbasic acid the syrupy 
acid is about 48 N 

Potassium Chromate. As indicator m simple chloride 
determinations (see Chapter XX) 

A 5 per cent aqueous solution 
Potassium Dichromate. 

AOlN solution is prepared by weighing accurately 4 904 gm , 
dissolving it m distilled water and making up to 1,000 c c 

Potassium Ferricyamde Recrystallisation of the salt for use in 
Hagedom and Jensen’s blood sugar method (Bee Chapter VII) 

Method 1 Wash the ciystals of the purest potassium fern- 
cyanide that can he obtained commercially, with cold water 
Dissolve the washed ciystals in boiling water, and filter at once 
through an acid washed paper that has been previously treated 
with boiling water Allow to crystallise m a covered vessel over- 
night m the ice room filter off the fine crystals on a Buchner 
funnel, and suck as dry as possible Again recrystallise as above 
described Finally, dry the crystals at 50° C Keep the preparation 
away from sunlight throughout the process 

Method II (Fohn, 0 , J Biol Chetn , 1928, 77, 423 ) Add 
100 gm of the purest obtainable potassium ferricyamde to 400 c c 
of distilled water at 50° C m a 1,000 c c beaker, and stir until 
solution is complete Filter through a paper which has been 
previously well washed with distilled water, into a 2 htre vessel 
Cool in running water 

To 600 c c of absolute alcohol add 0 1 cc of bromine and shake 
well Add the brorainated alcohol to the cooled femeyamde 
solution, stirring well throughout the addition The femeyamde 
is precipitated af once Filter without delay through a Buchner 
funnel in which rests a well fitting 9 cm No 50 Whatman paper 
Wash the very fine precipitate in the funnel with 150 c c of alcohol 
to which have been added 2 or 3 drops of bromine Then wash 
with 100 c c of ether similarly brominated, and finally with 25 c c 
of pure ether, applying strong suction to remove the ether as 
thoroughly as possible Transfer the precipitate to a large clock- 
glass, and dry at about 50° C Yield, 80 gm 

Potassium Hydroxide See table on p 5 and S G Tables 
To prepare an approximately 0 1 N solution, dissolve 5 8 gm. of 
pure stick potassium hydroxide in 1,000 c c of distilled water 
Standardise against 01N acid 

LiquOr potasses BJP . contains 6 0 gm of KOH per 100 o c. 
Potassium Permanganate See also Chapter I 
A 0 1 N solution is prepared by dissolving 3 162 gm of pure dry 
KMnOj m water, and diluting to 1,000 c c Standardise against 
0 1 N oxahe acid (q v ) or against pure dry sodium or potassium 
oxalate, in the presence of sulphuric acid at 60° C ’ 
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Potassium Thiocyanate (sulphocyamde) For use m chloride 
estimations (Chapter XXII) 

An approximately N/10 solution is prepared by dissolving about 
10 gm of the salt in 1,000 c c of distilled water It must be 
standardised against 0 1 N silver nitrate It is hygroscopic and 
is decomposed by heat 

Setvv.’anoff’s Reagent. For Fructose (Uevulose), see Chapter VI 

Resorcin . .01 gra 

Concentrated HC1 . . . 66 c c 

Distilled water .... to 200 „ 

The solution keeps for a few weeks only, and must be discarded 
when a precipitate forms 

Silver Nitrate. For Chloride Determinations, see Chapters XIX, 
XX and XXII 

A 0 1 N solution is prepared by dissolving 1C 989 gm of the 
A R salt m distilled water and making up to 1,000 c c 

Sodium Chloride See also Chapter I 

Physiological, or isotonic, or “ normal ” saline contains 0 85 gm 
oLNaCl in 100 c c 

A N/l solution of NaCl contains 5 845 gm per 100 c c 

Sodium Hydroxide See also table on p 5 and S G Tables 

An approximately N/10 solution is prepared by dissolving 
4 2 gm of stick NaOH in 1,000 c c of distilled water This may 
be standardised against a 0 1 N acid 

For accurate work standard sodium hydroxide should he free 
from carbonate The following method is recommended (see 
Cole’s Practical Physiological Chemistry), and forms a convenient 
basis for the subsequent preparation of most of the standard acids 
and bases used m the laboratory For an alternative preparation 
from Ba(OH) 2 and Na 2 S0 4 see Kay, W W , and Sheehan, H L , 
Btbchem J , 1934, 28, 1795 

Dissolve 100 gm of the best NaOH in 100 c c of distilled water 
m a conical flash of resistance glass Cover the mouth of the flask 
with tinfoil, and allow to stand overnight or longer for the carbonate 
to settle Cut a No 50 Whatman paper so that it is slightly too 
big to fit a Buchner funnel Place the paper in a large beaker and 
wash it in turn with warm concentrated (1 1) NaOH, absolute 
alcohol, 50 per cent alcohol, and, finally, with large volumes of 
distilled water Place the washed paper m the Buchner funnel, 
and apply gentle suction to fix it in place and to remove the greater 
part of the water Now pour the concentrated alkali upon the 
middle of the paper, spread it with a glass rod and filter under 
suction Dilute the clear filtrate quickly with cold distilled water, 
which has been recently boiled to remove C0 2 , to make approxi- 
mately N/l NaOH {usually about 50 c c has to be diluted to 1 litre) 
Withdraw 10 c c and standardise roughly against N/l HC1 Then 
flute further with C0 2 free water till it is approximately of the 
dsired normality (e g , 0 1 N) Transfer without delay to a suitable 
vessel, to which access of C0 2 is prevented (e g , apparatus illustrated 
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on p 78) Next day standardise the solution accurately against 
weighed amounts of pure acid potassium phthalate, 

XO OH 

C 6 H 4 \ mol wt 204 14 
x COOK 


If the sodium hydroxide is about 0 1 N, weigh out accurately 
the phthalate (about 0 3 gm is suitable) and suspend it m about 
20 c c of distilled water in a boiling tube Titrate with the alkali 
in a current of C0 3 free air (see Fig on p 78), using phenolphthalein 
as indicator As the titration proceeds the phthalate completely 
dissolves 

If p be the weight of phthalate, s the volume of caustic soda 
required, and » the normality of the alkali, 

_ 1,000 x p 

71 ~ 204 14 X s 
This formula is arrived at as follows — 


/COOH .COONa 

NaOH + C 6 H 4 ( = C 6 H 4 < + HOH 

1 000 c c x COOK V 

of 1 0 N 204 14 gm 


''COOK 


1 c c of 1 0 N NaOH = 
see of 10N „ = 

see ofnN „ 


204 14 
1,000 
204 14 X 


gm of phthalate, 


1,000 
204 14 x s X n 
1,000 


gm 


-gm 


But see of n N caustic soda corresponded to p gm of phthalate 
204 14 x s x n * 

p = 

1,000 

„ P X 1,000 

>r n — 

204 14 X s 


Example — Height of phthalate w as 0 3 gm 
Volume of alkali required was 14 5 c c 
Therefore normality of alkali v as 

-Lgwxjji 10 , 

204 14 X 14 5 


The caustic soda vas 0 101 N 

Sodium Hypobromite (For Urea, see Chapter V ) 

1 part of bromine , (2 5 c c ampoule) 

10 parts of 40 per cent NaOH . (25 c c ) 

The solution must be prepared on the day of the test 
Sodium Thiosulphate For Iodometric Titrations (see “ Blood- 
sugar Methods,” Chapter VH) 

To prepare an approximately N/10 solution dissolve 26 gm of 
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crystalline sodium thiosulphate, Na 2 S 2 0 3 5H 2 0, in 1,000 c c of 
freshly boiled distilled -water Standardise two or three days later 
by one of the methods given below “ Thio ” solutions should be 
stored in dark stoppered bottles 

Method I Standardisation against 0 1 N potassium dichronnte 

{qv ) 

Place 20 c c of N/10 potassium dichromate m a 500 C c conical 
flask Add 10 cc of 10 per cent potassium iodide, 5 cc of 
concentrated HC1, and about 200 c c of -water The aeid dichromate 
oxidises some of the iodide to iodine, and the amount of iodine 
formed is exactly proportional to the quantity of potassium 
dichromate used 

KjCkjO, -f 14HC1 + 6KI = 3I 2 + Cr 2 Cl 6 + 8KC1 + 7H 2 0 
Titrate with the approximately 0 1 N sodium thiosulphate 
from a burette until the yellow colour of the liberated iodine has 
almost disappeared (about 15 c c ) Add a few drops of 1 per cent 
soluble starch and contmue the titration The colour changes 
from a dirty dark yellow (mainly iodine) through a dirty dark 
green blue (blue starch iodide plus green Cr a Cl a ) to a clear bright 
pale green or green (chromium chlonde alone) The end point is 
very sharp, and is easily recognised once it has been seen 

Perform a blank test, to allow for traces of lodate m the potassium 
iodide, as follows — To 10 c c of the 10 per cent iodide, add 5 o c 
of concentrated HC1 and a few drops of the soluble starch Titrate 
with the thiosulphate Subtract the blank value from the titration 
figure obtamed for the 20 c c of dichromate 

Exam-pie of Calculation Twenty cc of 01 N dichromate 
required 19 2 c c of the thiosulphate The blank was 02 cc of 
the thiosulphate Therefore 19 2 — 02 = 19 cc of the thio 
sulphate are equivalent to 20 c c of 0 1 N dichromate Since 
20 c c of 0 1 N thiosulphate correspond to 20 c c of 0 IN dichromate 
to each 19 c c of the above thiosulphate 1 cc of C0 2 free distilled 
water must be added to make it exactly 0 1 N 

Having suitably diluted the thiosulphate, it should be checked 
against the 0 1 N dichromate as above described, to make certaw 
that it is accurately 0 1 N 

Method II Standardisation against acid potassium lodate (or 
against “ neutral ’ potassium lodate) 

Prepare a decmormal solution of acid or of “ neutral ” potassium 
lodate Weigh exactly 0 3249 gm of KH(IO a ) 2 (or 0 3568 gm of 
KIO a ), and dissolve it in about 60 c c of distilled water in a beaker, 
if necessary heating gently Transfer quantitatively to a 100 c c 
volumetne flask and dilute to the mark with distilled water 

Place 25 c c of the solution m a conical flask, and add 1 gm of 
potassium iodide dissolved in a little water, and a few c c of 10 per 
cent y/v hydrochloric acid Titrate without delay with the approx i 
mately N/10 thiosulphate, using starch as indicator Having thus 
determined the titre of the thiosulphate, dilute suitably to make 
exactly 0 1 N. 
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Method III Standardisation of N/200 tluosulphate using 
potassium lodate and the reagents employed in Hagedom and 
Jensen’s blood sugar method (see Chapter VII) 

Dilute 5 c c of the approximately N/10 thiosulphate (26 gm 
per hire, see above) to 100 c c in a volumetric flask, or dissolve 
0 65 gm of crystalline sodium thiosulphate in 500 c c of water 
Prepare an N/200 solution of potassium lodate by weighing 
accurately 0 0892 gm of pure dry KI0 3 and dissolving it in 500 c c 
of distilled w ater This solution keeps for a considerable time 
To 2 (J c of the lodate add 3 c c of Hagedom and Jensen’s 
iodide chloride sulphate solution, and 2 c c of 3 per cent acetic 
acid Titrate the liberated iodine with the thiosulphate, using 
2 drops of the 1 per cent soluble starch in saturated sodium chloride 
as indicator 

Tw o c c of 0 05 N potassium lodate correspond to 2 c c of 
0 05 N thiosulphate If the titration is not exactly 2 c c , either 
introduce the appropriate factor mto the calculation, or dilute the 
thiosulphate till it is exactly 0 05 N Sodium tluosulphate of this 
concentration is stable for one or two days only 

Sodium Tungstate For precipitation of blood proteins in the 
presence of acid (Chapter XIX) or of milk proteins (Chapter 
XXI) 

A 10 per cent solution of Na 2 W0 4 2H 2 0 is used Not all brands 
of Bodium tungstate are satisfactory The A R tungstate should 
be easily soluble m cold water and the solution should be alkaline 
to phenolphthalem If not the product consists of complex tung 
states (paratungstates) Folrn states that such preparations can be 
rendered serviceable as follows — Dissolve 10 gra of the tungstate 
m 100 c c of w ater with the aid of heat and cool Titrate 25 c c of 
the solution with 10 per cent sodium hydroxide, using phenol 
phthalein as indicator, until a pink colour persists for three mmutes 
Calculate the amount of 10 per cent sodium hydroxide required for 
larger quantities {eg , 100 gm ) of tungstate, and introduce that 
amount when preparing the tungstate solutions 

It is convenient to prepare a Btock of 2,000 c c or more of 10 
(or 20) per ocat codioro. tungstate, whveh vs edkaUne to phenol 
phthalein On standing a deposit forms which contains calcium 
The clear supernatant fluid is decanted for use 

Soluble Starch Used as indicator in lodometnc titrations (see 
“ Blood sugar Methods ” in Chapter VII), and as substrate in 
diastase estimations (Chapter XIII) 

As Indicator (a) One per cent in “ saturated ” sodium chloride 
Make 1 gm of soluble starch mto a paste with about 10 c o of 
saturated NaCl and pour mto about 80 c c of the saturated chloride 
brought to the boiling point Cool the mixture, transfer to a volu 
metr-, flask or measuring cylinder with a few cubic centimetres 
of watt an( j ma j v e up to 100 c c 

(bj Oih. ver tn Water Shake up 1 gm of soluble starch 
with about pc of water in a test tube, and pour into about 
70 c c of boiling ^ater Wash out the tube with a few more cubic 
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centimetres of water and add to the boiling solution Cool, and 
make up to 100 c c * 

Divide the solution into 10 to 12 portions, placing each in a 
test tube plugged with cotton wool Sterilise by heating in a 
boiling water bath for half an hour on each of three successive 
days Finally cover each plug with a rubber cap to prevent 
evaporation 

Fob Diastase Estimations A stock solution of 2 per cent 
soluble starch m 10 per cent sodium chloride is diluted 1 in 20 
with distilled water, thus giving a test solution of 0 1 per cent 
soluble starch in 0 5 per cent NaCl (see Chapter XIII for further 
details) 

Stokes’ Reagent. For reduction of bjemoglobm and its 
derivatives (see Chapters X and XVIII) 

Dissolve 3 gm of ferrous sulphate in cold water Dissolve 
2 gm of tartanc acid m a bttle water, and add the solution to 
that of the ferrous sulphate Add distilled water to 100 c c 

For use take about 5 c c of the above and add concentrated 
ammonia drop by drop, until the precipitate first produced is 
dissolved Ammonium ferrotartrate is formed, which is a good 
reducing agent, but which rapidly absorbs oxygen from the air, 
and therefore must be freshly prepared 

Sulphuric Acid See S G Tables and table on p 5 
One hundred c c of concentrated sulphuric acid (S G 1 84) 
contain 175 9 gm of the acid 

An approximately normal solution may be prepared by diluting 
28 c c of the concentrated acid to 1,000 c c with distilled water 
To determine its exact normality standardise against 1 0 N-NaOH 
Thymol Blue See Table of Indicators 

This indicator has both an acid and an alkaline range This is 
taken advantage of in the acid determinations m gastric analysis 
(see Chapter XXII) For gastric work a 0 1 per cent solution of 
the indicator is convenient 

For general use as an indicator a 0 04 per cent solution is 
generally employed To prepare a stock 0 4 per cent solution 
gnnd 0 1 gm of the solid indicator m an agate mortar with 4 3 c c 
of N/20 NaOH Transfer quantitatively to a 25 c c volumetric 
flask, and add distilled water to the mark The other two solutions 
mentioned above (0 1 and 0 04 per cent ) are prepared by dilution 
of the stock solution with distilled water 

Topfer’s Reagent. See Table of Indicators and Chapter XXII 

Dimethylannnoazobenzene . . . 0 5 gm 

Alcohol, 96 per cent . . to 100 c c 

Uffelmann’s Reagent. For lactic acid (Chapter XXH) 

To 50 c c of 2 per cent carbolic acid, add 1 or 2 drop 3 j ^ °* 
10 per cent feme chloride, t e , add just sufficient FeCi solution 
to produce a purple colour The solution must be fres“J’ prejired, 
for it is stable for only a feu minutes 
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METHOD FOR CLEANING MERCURY 

The soiled mercury is placed in a stout, wide mouthed bottle or 
filter flask, and a tube connected to a water tap is arranged so that 
its lower end dips under the surface of the mercury By passing a 
strong stream of water through the mercury, coarse dirt, etc , will 
be washed aw ay (Pig 84 ) The water is poured off, and the mercury 



is connected differently 

is then passed through the purifier (Fig 86) Should the mercury 
be grossly contaminated it is advisable first to agitate it with 5 per 
cent nitric acid contained in a filter flask, by drawing air rapidly 
through the mercury and acid for an hour or so (Fig 85) Then 
proceed with the washing as above 

The purifier (Fig 86) consists of a stout glass tube 100 cm long and 
about 2 an? m diameter, hold vertically by damps on a reiort atand 
The lower end of the tube is closed by a rubber bung through 
which is passed a piece of manometer tubing bent to form a syphon, 
the vertical limb being 13 cm long and supported by a cork on 
the base of the stand, or the apparatus may be blown in one piece 
(see Fig 86) Enough clean mercury is poured mto the tube to form 
a lajer 5 cm high, and 5 per cent nitric acid ia added until the 
tube is filled to a height of 90 cm A glass funnel, about 6 cm in 
diameter and connected by means of a short piece of rubber pressure 
tubing to a tery fine glass jet, is placed in the open end of the tube, 
the jet just dipping below the surface of the nitric acid The dirty 
mercury is poured mto the funnel and falls from the glass jet as a 
stream of minute droplets, through the nitnc acid, and accumulates 
at the bottom of the tube The mercury in the syphon consequently 
rises, and overflows mto a clean vessel placed to catch it Since 
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the syphon leads out from the very bottom of the upright tube, 
there is always a column of 4 or 5 cm of mercury in the tube 







Mercury combines with the mtnc acid to form a saturated solution 
of mercurous nitrate, which ui turn reacts with metallic impurities 
m the falling droplets, and dissolves them out as nitrates 

Finally the mercury is placed in a filter flask and washed, until 
fixe from acid, with tap water as described at the beginning of the 
technique (Fig 84) , it is then shaken with distilled water and 
separated To get nd of the last traces of moisture, w hen this is 
necessary , it is squeezed through chamois leather 
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METHODS FOR CLEANING GLASSWARE 
If the vessel contains infective material, such as feces, it is 
advisable to add lysol or some strong disinfectant, ana then to 
wash the contents down the lavatory pan 

Small glass articles, such as test tubes, small beakers, and 
funnels, etc , are placed in a large enamel wash bowl, and boiled 
for a short time with approximately 10 per cent washing soda 
They are allowed to cool and rinsed with tap water They are then 
placed in another bowl (preferably porcelain) containing approxi- 
mately 5 per cent commercial hydrochloric acid This will neutralise 
any soda remaining on the articles They are then thoroughly 
rinsed with tap water, and finally with distilled water, and either 
allowed to drain, or else dried m a hot air oven at a temperature 
just above 100® C , wire baskets should be lined with pieces of 
clean paper on which the inverted tubes, etc , are rested 

The soda and acid will suffice for quite a large quantity of 
glassware, but the acid must be discarded as soon as it gives no 
effervescence with a few drops of the soda solution 

In isolated instances boiling with washing soda will not remove 
all “ dirt ” In such cases the effect of concentrated hydrochloric 
acid should be tried If this is unsuccessful the vessel should be 
filled with dichromate cleaning fluid (see “ Reagents ”), allowed to 
stand for a few days, and then treated as above (If much grease 
is present, this should be removed with old methylated spirit, or 
** spirit residues,” before boiling with soda ) 

Larger apparatus, such as large beakers and flasks, may be 
cleansed by thorough brushing with some form of soap powder, 
and then rinsing with tap water, dilute acid, tap water, and finally 
distilled water 

In all cases a liberal supply of tap water and distilled water 
should be used 

For a method of cleaning and drying pipettes, see Chapter I 


CALI BRA TION OF PIPETTES, Etc 

This ha3 been discussed in Chapter I fairly thoroughly, but the 
following practical information may be of service 

Blood pipettes (0 1 to lOcc) made “ to contain ” must be 
calibrated with mercury. Once, however, the accuracy of one 
pipette of a given capacity has been established by weighing 
mercury, other pipettes of the same capacity may be checked 
against it by introducing the same volume of mercury The procedure 
is as follows — Select a piece of glass tubing about 3 in long and 
with a bore of about i in Seal one end m the flame m such a way 
that the bottom of the resulting tube is fairly flat, and has an area 
a little larger than the tip of the pipette which is to be calibrated 
In another clean tube place 1 or 2 c c of clean mercury Fit a teat to 
the end of the first or standard pipette, and suck up mercuiy exactly 
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to the mark Remove the pipette without loss or gam of mercury, 
and deliver the mercury into the specially prepared tube, which 
must have been thoroughly cleaned previously Place a piece of 
white paper on the bench and a grease pencil between the teeth 
Hold the special tube with its contained mercury m one hand 
obliquely above the white paper Gnp the top of the tube with 
the fingers so as not to heat the mercury (Neglect of this precaution, 
however, introduces no significant error, see later ) "With the other 
hand take up a second pipette, to which has previously been attached 
a teat Suck up all the mercury into this second pipette without 
including any air bubbles, and in such a way that the lower end of 
the column of mercury lies exactly at the tip of the pipette Mark 
the level of the top of the mercury column with the grease pencil 
held in the teeth Return the mercury to the tube Take up the 
mercury again m the standard pipette to insure that none has been 
lost Make a permanent mark on the second pipette with a glass 
knife, or with fluoride marking fluid, to replace the grease pencil 
mark 

The method is much simpler to perform than to describe With 
a little practice in the manipulation of the teat, and given clean 
tnbes, pipettes, and mercury, the technique is easily acquired 
It is not difficult, afteT a little experience, to calibrate ten or twelve 
pipettes in this way in an hour 

To check the capacity of pipettes by weighing water, proceed as 
follows — Select two small conical flasks of the same size, and as 
hght as possible Place one on each of the pans of a balance, and 
add the necessary weights, or pieces of paper, etc , to balance 
them accurately Fill the pipette to the mark with distilled water 
and deliver (either by touching off against the inside of the flask, or 
by blowing out, according to the type of pipette, cf Chapter I) the 
water into the flask Determine the weight of water without delay 

Weight mgm oflcc of distilled water at different temperatures 
(Kaye and La by) — 


Temp 'C I 

10 | 

12 1 

14 I 

16 i 

18 \ 

20 

Weight in gm 

0 99973 

0 99953 

0 99927 

0 99S97 

0 99S62 1 

0 99823 


__ Weight in gm of 1 cc of mercury at different temperatures 
(Kaye and Laby) — 


Temp ®C | 

10 

12 

14 

16 

| 18 j 

SO 

Weight mgm 

1 13 5-08 

13 5653 

13 5809 

13 5o60 

j 13 5511 J 

13 5462 


For ordinary purposes a pipette of which the capacity is the 
theoretical £ 1 per cent may be accepted It is obvious, therefore. 
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that when calibrating by weighing water, the slight alterations in 
the volume of 1 gm of water with changes m temperature may be 
neglected (as also the expansion of the glass with rise m temperature) 
In other words, no significant error is introduced by presuming 
that 1 c c of water weigh* 1 gm at the usual temperatures of the 
laboratory 

Similarly the error which will ordinarily be introduced by 
neglecting the expansion of mercury with rise m temperature, 
though greater than in the ease of water, will still not be significant, 
unless a greater accuracy than ± 1 per cent is desired At ordinary 
laboratory temperatures, therefore, the factor 1 c c of mercury 
weighs 13 56 gm may be utilised 


WHATMAN’S FILTER PAPERS 

The purposes for which the different grades of filter paper are 
best employed are eonvemently summarised by the manufacturers 
m the table which follows — 



Qualitative 
use where 
Ash W eight 
unimportant. 

Washed In 
UC1 Use 
lot rougher 

gravimetric 

work 

Washed In 
SCI and HF 
Useforgravt 
metric 
analysis 

Thin 

Washed In 
HO and HF 
For finest 
work 

Toughened. 

Gelatinous or largo 
particle precipitates 

4 

31 

41 

_ 

54 

General work 

1 or 2 

30 

40 

44 

62 

Fine precipitates 

3 or 5 

32 

42 

44 

50 

Caustic solutions 

3 or 5 

- 

- 

— 

I 64 

f 62 
j 60 

Buchner funnels 

6 or 1 

32 . 

42 



Note. No 43 Wliatman paper -which ia fat free, is used m fat analyses 


CONVERSION FACTORS AND READY RECKONERS 

Several ready reckoners have been given m the t?xt (e g , for 
the conversion of the thiosulphate deficiency into mgm of glucoso 
per 100 c c of blood in lodometnc methods of estimating blood- 
sugar (Chapter VII), and for the conversion of the C0 2 evacuated 
into the ** alkali reserve ” expressed as volumes of C0 2 per 100 c c 
of plasma (Chapter IX) Other useful ready reckoners and com ersion 
factors are collected together overleaf 
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Conversion Factors for Substances commonly expressed 
m more than one way 


To convert— 

Jfaltlply by— 

To convert— 

UuiCIpiy by— 

Acetone into Aceto-acetlc acid 

102/58 or 1 76 

Aceto-acetlc acid Into acetone 

58/102 or 0 57 

p-hydfoxybntyrlc uH 

101/58 or 1 79 

p hydroiytwtyrlc acid Into 
. acetone 

68/104 or 0 58 

Ca 

Into CaO 

66/10 or 1 40 

CaO 

nto Ca 

40/56 or 0 71 

Ug 

MgO 

40 S 

243 0rlM 

SIgO 

11 g 

24 3 

40 3 or 0 603 

Na 

N*,0 

62/46 or 1 35 

Na.O 

Na 

46/62 or 0-74 

K 

K,0 

01/78 or 122 

K x O 

K 

78/84 or 0-83 

Cl 

>»a 

£85 

355«1« 

NaCl 

Cl 

35 5 

jg-j or 0607 

P 

p,o. 

142/62 or 2 29 

P.O, 

P 

621142 or 0 44 

P 

11, P0, 

98/31 or 3 16 

H,PO 

P 

31/98 or 0 316 

s 

80, 

80/32 or 2 50 

SO, 

S 

32/80 or O 40 

9 

n,so. 

98/32 or 3 08 

H,80, 

s 

32/98 or 0 33 

N 

Protein 

625 

Protein 

N 

016 

Ammonia N 

Ammonia 

17/14 or 1 21 

Ammonia 

Ammonia N 

14/17 or 082 

Creatine N 

Creatine 


Creatine 

Creatine N 

42/131 or 0 3* 

Creatinine N Creatinine 

222203 

Creatinine 

Creatjnlne N 

42/113 or 0-37 

UreaN 

Urea 

EfeSSI 

Urea 

Urea N 

28/60 or 0 47 

Urle acid N 

Uric add 

168/56 or 3 0 

Uric add 

Uric acid N 

66/168 or 0-33 


Conversion of mgra per 100 cc into milliraols, etc 
Symbols Used M, mob per litre mil, miUimola per litre 
m Eq , milhequivalenta per litre 

I Conversion of mgm per 100 c c into milhmols per litre, and 

rnce versd 


(a) mM = lOxmjmperlOOcc ( 

molecular weight \ 

mil x mol wt 

(o) mgm per 100 c c = — 


10 000 x gm per 100 co\ 
molwt " / 


Examples ** 357 mgm of Cl per 100 c c is the same as 
“ 100 6 millimob of Cl per litre ” 

“588 5 mgm of Na Cl per 100 c c is the same as “100 6 
millimob of NaCl per litre M 

II. Conversion of c c of Gas (at S T.P.) per 100 c c. into millimols 
per litre, and vice versd 


(<") 


mM = 


c c per 100 e c 
224 


(6) c c per 100 c c = 2 24 X mM 

Examples “70 8 cc of CO* per 100 cc," is the same as 
"31 6 milbmob of CO a per litre ” 

« 17 c c of 0 2 per 100 c c is thesame as “ 7 6 iruilimob of O x 
per litre ” 
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III. Conversion of mgm per 100 cc. into milliequivalents per 
litre, and vice versd 

, x _ 10 X mgm per 100 c c X valency 

mE 1 = mol 


(6) mgm per 100 c c •• 


__ m Eq X mol wt 
10 X valency 

Example (taken from Gamble, Ross and Tisdall, J Biol Ghent , 
1923, 57, 637, and Gram's paper, Am J Med Sc , 1924, 168, 511) 
Average acid base composition of venous plasma 


mgm. per 

KaUons 100 e e 

m Eq per 

litre 

Anion. 

11 litre 1 *" 

Na 

330 

143 4 

HC0 3 (60 c c of bound 





C0 2 per 100 c c ) 

27 0 

K 

20 

51 

Cl (365 mgm per 100 c c ) 

103 0 

Ca 

10 

50 

HP0 4 (5 mgm of inorganic 




• 

P per 100 c c ) 

30 

Mg 

3 

25 

SO4 (1 mgm of inorganic S 





per 100 c c ) 

10 




Organic acids (assumed) 

20 




Proteins (by difference) 

20 0 


Sum 

156 0 


156 0 


"The ammonium value is too small to be considered . - 
Physiological valency Ca 2, Mg 2, S0 4 2, HP0 4 1 8 

1 gm molecule = 1,000 millmiols Mdlimols per litre X valency 
«= milliequivalents per btre = c c of 0 1 normal per 100 c c ” 
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Relationship between the Three Thermoraetrlc Scales, 
Fahrenheit, Centigrade and Reaumur 

To convert degrees F into degrees C deduct 32, multiply by 5, 
and divide by 9 

To convert degrees C into degrees F , multiply by 9, divide by 5 
and add 32 

To convert degrees F into degrees R , deduct 32, multiply by 4, 
and divide by 9 

To convert degrees R into degrees F multiply by 9, divide by 4, 
and add 32 

Freezing point of water = 32° F 0° C and 0° R 

Boding point of water = 212° F 300° C and 80° R 


*F 

c 


•F 

•c | 

•E 

212 0 

100 0 

80 0 

95 0 

35 0 

28 0 

200 0 

93 3 

74 7 

94 0 

34 4 

27 6 

150 0 

65 6 

52 4 

92 0 

33 3 

26 7 

1120 

414 

35 5 

90 0 

32 2 

25 8 

110 0 

13 3 

317 

88 0 

31 1 

24 9 

108 0 

42 2 

33 8 

86 0 

30 0 ! 

24 0 

106 0 

41 1 

32 9 

84 0 

28 9 

23 1 

105 0 

40 6 

32 4 

82 0 

27 8 

22 2 

1010 

40 0 

32 0 

80 0 

26 7 

213 

103 0 

39 4 

31 6 

78 0 

25 6 

20 4 

102 0 

38 9 

31 1 

76 0 

24 4 

ID 6 

101 5 

38 6 

30 9 

74 0 

23 3 

18 7 

1010 

38 3 

30 7 

72 0 

22 2 

17 8 

100 5 

38 1 

30 4 

70 0 

21 1 

16 9 

100 0 

37 8 

30 2 

68 0 

20 0 

16 0 

99 5 

37 5 

30 0 

66 0 

18 9 

151 

99 0 

37 2 

29 8 

64 0 

17 8 

14 2 

98 4* 

36 9 

29 5 

62 0 

16 7 

13 3 

98 0 

36 7 

29 3 

60 0 

15 6 

12 4 

97 5 

36 4 

29 1 

58 0 

14 4 

11 6 

97 0 

36 1 * 

28 9 

56 0 

13 3 

10 7 

96 5 

35 8 

28 7 

510 

12 2 

08 

96 0 

35 6 

28 4 

52 0 

111 

89 

95 5 

35 3 

28 2 

32 0 

0 

0 


Temperature of human body 
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Relationship of Imperial to Metric System 


1 grain 

4 

1 „ 

10 grama 
20 „ 

1 drachm (60 grains) 

1 ounce (480 grams) 

( Troy or .Apothecaries’) 
1 ounce (437 5 grains) 
(Avoirdupois) 

1 pound (7,000 grains) 

1 stone (14 lb ) 


=> 16 milligrammes 

, 32 

«= 65 Z *= 0 065 gm. 

= 648 „ = 0 648 „ 

= 1 044 grammes =* 2 gm. (approx ) 

= 3 89 „ = 4 „ „ 

- 31-1 „ = 31 „ 


= 28 35 

= 453 6 

= 6,350 


<= 28 „ „ 

=» 454 „ „ 

— 6J kgm. „ 


1 minim 
1 fluid drachm 
4 ,, ounce 
1 .» 

1 pint (20 oz ) 

1 gallon (3 pints) 


0-06 c c (0 059 c c.) 
3| „ (3 6 „ ) 

14 „ (14 2 „ ) 

28 „ (28 4 „ ) 

568 „ (667 0 „ ) 

4J litres (4542 0 „ ) 


1 gramma » 

100 grammes ■=> 

1,000 ,, (1 kilogramme) =» 


15J grams (15 4 grams) 
3J ounces (Avoir ) 

2i lb. (2 2 lb ) 


1,000 „ (1 litre) 


17 minims (16 9m) 

3) fluid oz 

36 » „ =» 1 1 pints. 


ar»mmes 
per 100 c e 

GriJns per oz 

Approximate greins 
per or 

1 

n 

M 

2 

8? 

9 

3 

13J 

13 

4 

in 

m 

6 

214 

22 

6 

26$ 

26 

7 

30 1 

30$ 

8 

35 

35 

9 

39$ 

39 1 

10 


44 


One drachm (by weight) of a dry powder to 1 oz. of water makes 
approximately a 12 per cent, solution (12 5 per cent.). 

One drachm (by weight) of a dry powder to 1 pint of water 
makes approximately a 4 per cent, solution (0-63 per cent.). 

One ounce (by weight) of a dry powder to a pint of water makes 
approximately a 6 per cent, solution. 

I ihch = 2J cm. (2-54 cm.) 

1 foot = 30 cm. (30-48 cm.) 

1 yard = 91 cm. (91*44 cm.) 

1 mm. = 2*5 inch. 

lcm. = -g inch (0-39 inch). 

1 metre = 39 inches (39*37 inches). 
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ATOMIC WEIGHTS 


Name 

Sym . 
boL 

Ippsoxl 

Inter 

national 

(1034) 


Sym 

bol 

Approil 

national 

(1034) 

Aluminium 

A1 

27 

26 97 

a 

| 

J3 

Mo 

96 

96 0 

Antimony 

Sb 

122 

12176 



59 

58 69 

Arsenic 

As 

75 

74 91 



14 

14 008 

Barium 

HI 

bi 





1915 

Bismuth. 

£9! 

BI 





16 00 

Boron 

m 

m 


Palladium 

Pd 

107 

106 7 

Bromine 

Br 



Phosphorus 

P 

31 | 

31 02 

Cadmium 

Cd 



Platinum 

Pt 

195 

195 23 

Calcium 

Ca 

40 


Potassium 

K 

39 

3D 096 

Carbon 

H 

12 

12 00 

Radium 

Ra | 

226 . 


Chlorine 

□ 


Emm 

Radon 

Rn 

222 


Chromium 

m 


52 01 

Selenium 

Se 1 

□ 

78 96 

Cobalt 

m 

59 

68 94 


□ 

□ 

28 06 

Copper 

Cu 

63 5 

63 57 

Silver : 

Ag 

108 j 

107 88 

Fluorine 

F 

19 

19 00 

Sodium 

Na 

23 

22 997 

Gold 

Au 

197 

197 2 

Strontium 

Sr 

88 

87 03 

Hydrogen 

H 

1 

1008 

Sulphur 

S 

32 

32 06 

Iodine 

I 

127 

126 92 

Tellurium 

Te 

127 5 

127 61 

Iron 

Fe 

56 

55 84 

Thallium 

T1 

204 

204 39 

Lead 

Pb 

207 

207 22 

Tin 

Sn 

119 

118 7 

Lithium 

Li 

7 

6 94 

Tungsten 

W 

184 

184 0 

Magnesium 

Mg 

24 

24 32 

Uranium 

U* 

238 

238 14 

Manganese 

Mn 

55 

54 93 

Vanadium 

V 

51 

50 95 

Mercury 

Hg 

201 

200 61 

Zinc 

Zn 

65 

65 38 
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SPECIFIC GRAVITIES TABLES 


(From Cole’s Practical Physiological Chemistry) 

Sulphuric Acid 


sp at 
*51 

Cm. of H.SO, 

la 100 e c 

■ 

Gm of 11 , 80 , 
in 100 c e 

1 840 

175 9 

1552 

100 0 

3 838 

173 9 

1 542 | 

981 

1835 

1717 

1520 | 

93 6 

1833 

1704 

1492 

88 95 

1830 

168 5 

1 420 J 

74 0 

1825 

1661 

, 1380 

r 66 2 

1 815 

161 8 

1205 

500 

1800 

150 4 

1200 

32 8 


Hydrochloric Acid 


Sp Gr 

15* 


MSI 

Gra of HC1 
in 100 o c 

1 160 

36 6 

1 133 

30 

1 155 

35 3 

1 113 

25 

1 152 

34 5 

1091 

20 

1150 

34 0 

1056 

12 

1 145 

32 8 

1047 ! 

20 


1 140 


315 


10375 
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Sodium and Potassium Hydroxides 


Gm ofJflOH 


Go of 
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Alcohol 


Yolama 
pei cent. 


8p Or. 
15-56% 


•83065 


91 


•83400 


90 


•86395 


•87740 


•89010 


70 


• 90214 - 


65 


•91358 


60 


•92439 


65 


•93445 


50 
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Tension of Aqueous Vapour. See p. 493. 


BOILING POINTS OF ORGANIC SOLVENTS 


Substance G, 

Ether ....... 34-2 

Light petroleum (petroleum ether) . . 40 to 90 

Carbon disulphide ..... 46-2 

Acetone ....... 66*5 

Chloroform . . . . • . 61 to 63 

Methyl alcohol ...... 66 

Ethyl acetate ...... 77 

Ethyl alcohol ...... 78 

Benzene (benzol) . . . . - .80 

Butyl alcohol, secondary . . . 99-8 

isuButyl alcohol . . . . .106 

Toluene (toluol) ..... Ill 

Butyl alcohol, normal . . . .117 

Acetic acid, glacial . . . . .119 

Amyl alcohol 130 

Xylenes (xylols) 137 to 1 42 

Caprylic alcohol 179-5 


Calculation of the Calorific Value of a Diet 
1 gramme of carbohydrate yields 4-1 Calories 
1 „ protein „ 4-1 „ 

1 „ fat „ 9-3 „ 

1 „ alcohol „ 7-0 „ 

1 c.c. „ „ 5-6 „ 

For general work it is convenient to’ regard 1 gm. of carbo- 
hydrate or of protein as yielding 4 Cals., and 1 gm. of fat, 9 Cals. 











55 74°4 7412 74*9 74*7 7435 7443 745* 7459 7466 7474 1 2 

56 7482 7490 7497 7505 75*3 75*o 75*8 7556 7545 7551 t 2 

57 7559 7566 7574 7582 7589 7597 7604 7612 7619 76*7 I 2 

58 7634 7 6 4* 7649 7657 7664 7672 7679 7686 7694 7701 1 1 

59 TT°9 n* 6 ?7*3 773* 7733 77*7 77S s 7760 7767 7774 1 1 

60 7782 7789 7796 7803 7 8i ° 78 i 8 7825 7832 7839 7846 x 1 

6* 7853 7860 7863 7875 7882 7889 7S96 7903 7910 7917 t 1 

62 79*4 793* 7938 7945 795® 7959 7966 7973 79So 7 g8 7 1 1 

63 7993 8°°° 8007 8014 0021 8928 8035 8041 8048 8055 1 1 

64 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122 1 1 

65 8129 8136 814s 8149 8156 8*62 8169 8176 8182 S189 x 1 

66 8195 8202 8209 82*5 8222 8228 8235 8241 8248 8254 1 1 

67 8261 8267 8274 82S0 8287 8j 9 j 8299 8306 8312 8319 x 1 

68 83*5 833* ®33 8 8 344 8 35i 8 357 8363 S370 8376 83S2 1 1 

69 8388 8395 84°* 8407 8414 8420 8426 8432 8439 8445 r 1 


7 0 8451 8457 8463 

7 1 8513 8519 8325 
7* 8 573 8579 8585 

73 8633 8639 8645 

74 8692 86gS 8704 
! 75 875* 8756 8762 
76 8808 8814 8820 
I 77 8865 8871 8876 

78 B921 8927 8931 

79 8976 8982 8987 


8470 8476 8482 8488 
853i 8537 8543 8549 
8591 8597 8 5o3 8609 
8651 8657 8663 8669 
8710 8716 8722 8727 

IMtelg? 

8882 8887 8393 8S99 
8938 8943 8949 8954 
8993 8998 9004 9009 


8494 8500 8506 1 

8555 8562 8567 1 

8615 8622 8627 1 
8675 8681 8686 1 
8733 8739 8745 x 
879* 8797 8802 j 
8S48 8854 8859 1 
8904 8910 8915 i 
8960 8965 8971 1 
9015 9020 9025 I 


81 9085 9090 9096 ' 

82 9*38 9*43 9*49 

83 9*9* 9*96 9’oi 

84 9*43 9*48 9*53 

85 9294 9’99 9304 

86 9345 9350 9355 

87 9395 9400 9405 

88 9445 9450 9455 

89 9494 9499 95<*4 


9*75 9*8o 9186 1 
9227 9232 9238 1 
9279 9184 9289 x 
9330 9335 934° * 
9380 9385 939a 1 
943° 9435 944° o 
9479 9484 9489 o 
95*3 9533 9338 o 

9576 958 i 9586 o 
9624 962S 9633 o 
9671 9675 9680 o 
97*7 97*2 97*7 ° 
9763 9763 9773 o 
9809 9814 9818 o 
9854 9859 9863 o 
9899 9903 9908 o 
9943 5948 995* ° 
9987 9991 9996 o 


3 4 5 5 6 7 

3 4 5 5 fi 7 
3 4 5 5 ®7 

3 4 4 5 f7 

3 4 4 5 6 7 

3 4 4 5 «6 

3 4 4 5 6 \ 

3 3 4 5 6 ° 

3 3 4 5 5 6 

3 3 4 5 5 f 

3 3 4 5 5 ® 

3 3 4 5 5 6 

3 3 4 5 5 6 

3 3 4 4 5 « 

2 3 4 4 5 6 

2 3 4 4 5 6 

2 3 4 4 5 5 

2 3 4 4 5 5 

2 3 4 4 5 5 

234 455 

2 3 3 4 5 5 

233 455 

2 3 3 4 4 5 

233 445 

233 445 

2 3 3 4 4 5 

233 445 

* 3 3 4 4 5 

233 445 

* 3 3 4 4 5 

2 3 3 4 4 5 

2 3 3 4 4 5 

223 344 

2 2 3 3 4 4 

223 344 


9 *23 4 5 6 7 8 
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Proport! onil parts. 

z 3 4 5 6 789 


00 1000 1002 x 

01 10*3 *°26 I 

02 IO47 IO5O I 

03 IO72 IO74 I 

04 I096 IO99 I 

05 1122 U25 I 
•06 II48 U 5 t I 
07 II75 U78 I 

OS 1203 120 5 I 

09 I230 I233 I 


1016 joiq lozi o o 
1040 1042 1043 o o 
1064 1067 1069 o o 
2080 joqi 1094 o o 
1114 XII7 *1*9 o 1 
1140 1143 1146 o 1 
1167 1169 1172 o 1 
1194 1197 nog o 1 
1222 12 25 I22f O I 
1250 1253 1256 O l 

*279 J282 2283 O I 
>309 *3*2 1313 ° * 
*34° *343 1346 o 1 
*37* *374 *377 ° * 
X403 1406 1409 o 1 
*435 *439 *44* o x 
1469 *47 2 *47^ o * 


1611 1614 1618 o 1 
1648 1652 1656 o 1 
1687 1690 1694 o 1 
1726 1730 1734 o * 
1766 1770 1774 o 1 
1807 1811 1816 o t 
1849 1834 1838 0 1 
1892 1897 190J o 1 


2123 2128 2133 011 
2173 2178 2183 0:1 
2223 2228 2234 1 1 2 
2275 2780 2286 112 
2328 2353 2339 1 i 2 
2382 2388 2393 1X2 
2438 2443 2449 I * 2 
2495 2 500 2306 1X2 

2553 2559 2564 I I 2 
26x2 2618 2624 I I 2 
2673 2679 2685 X I 2 
2735 274* 2748 1 x 2 
2799 2805 2812 I I 2 
2S64 2871 2877 X I 2 
293* 2938 2944 X I 2 
2999 3006 3013 I I 2 
3069 3076 3083 1X2 
3*4* 3*48 3*55 * * 2 


2 2 2 3 3 

22233 

2*233 

22333 

2 2 3 3 3 

22334 


23344 
2 3 3 4 4 

* 3 3 4 4 

2 3 3 4 4 

2 3 3 4 4 

2 3 3 4 5 


2 3+45 

3 3 4 4 5 

3 3 4 4 5 

3 3 4 5 5 

3 3 4 5 5 

334 5 l * 

3 4 4 3 J 6 
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01234 5 6 7* 8 9 

Proportion*! Juts. 

*23 456 7®9 

50 3162 3170 3177 3184 3 * 9 * 3199 3206 3214 3*** 3228 

51 3236 3243 3251 3258 3*^6 3273 3281 3289 3296 3304 

52 3311 33*9 3327 3334 3342 3350 3357 33*5 3373 33 s * 

53 3388 3390 34°4 34*2 3420 3428 3436 3443 345* 3459 

54 3467 3475 3483 349* 3499 35°S 3516 3524 3532 3540 

55 3548 3556 3565 3573 358 i 3589 3597 36«* 3614 3622 

56 3631 3639 3648 3656 3664 3673 3681 3690 369S 3707 

57 37*5 3724 3733 374* 375° 375 8 3767 377& 37»4 3793 

58 3S02 3811 3819 3828 3S37 3846 3855 3864 3873 3882 

59 3S90 38 99 39°3 39*7 3926 3936 3945 3954 3963 397 2 

60 3981 3990 3999 4°°9 4°* 8 4°*7 4036 4046 4°55 4°64 

61 4074 4083 4093 4*02 4111 4121 4J30 4140 415D 4159 

62 4169 4178 4188 4198 4207 4217 4227 4236 4246 4256 

63 4266 4276 4285 4295 4305 4315 4325 4335 4345 4355 

64 4365 4375 43 8 5 4395 44°6 44*6 44*6 4436 4446 4457 

65 4467 4477 4487 449S 4508 4519 4529 4539 4550 456o 

66 4571 458* 4592 4603 46*3 4624 4634 4645 4656 4667 

67 4677 4683 4699 47*° 472* 4732 4742 4753 4764 4775 

68 4786 4797 4 8 °8 4 8 *9 403* 4842 4 3 53 4864 4 3 75 4887 

69 4898 4909 4920 4932 4943 4955 4966 4977 49$9 5°oo 

70 5°»2 5°*3 5°35 5°47 5058 5°7° 5° 8 * 5°93 5*°5 5**7 

71 5*29 5*4° 5*52 5164 5176 5188 5200 5212 5224 5236 

72 5248 5260 5272 5284 5297 53°9 532* 5333 5346 53S 8 

73 537° 5383 5395 54°8 54*° 5433 5445 545 8 547° 5483 

74 5495 55°° 55** 5534 554« 5559 557* 5585 S59 3 56*° 

75 5623 5636 5649 5662 5675 5689 5702 5715 5728 574* 
7° 5754 3768 5781 5794 5S0S 5821 5834 5848 5861 5875 

77 5888 5902 59*6 5929 5943 5957 597° 5984 5993 6012 

78 6026 6039 6053 6067 6081 6095 6109 6124 6138 6152 

79 6166 6180 6194 6209 6223 6237 6252 6266 6281 6295 

80 6310 6324 6319 6353 6368 6383 6397 6412 6427 6442 

81 6457 6471 6486 6501 6516 6531 6546 6561 6577 6592 
! 82 6607 6622 6637 665; 6668 6683 6699 6714 6730 6745 

83 6761 6776 6792 6808 6823 6839 6855 6871 6887 6902 

84 6918 6934 6950 6966 6982 6998 7015 7031 7047 7063 

85 7079 7096 7U2 7129 7145 7161 7178 7194 721 1 722S 

86 7244 7261 7278 7295 7311 7328 7345 7362 7379 7396 

87 74*3 743° 7447 746+ 74 8 2 7499 75*6 7534 755* 7568 

88 75 86 7603 7621 763S 7656 7674 7691 7709 7727 7745 

89 7762. 778° 7798 78*6 7834 7 8 52 7870 78S9 7907 7925 

go 7943 7962 79S0 7998 8017 8035 8054 8072 8091 8110 

■9* 8128 8147 8166 8185 8204 8222 8241 8260 8279 8299 

■g* 8 3*8 8337 8356 8375 8395 84*4 8433 8453 8472 8492 

93 85** 8531 8551 S570 8590 8610 8630 8650 8670 8690 

-94 87*0 8730 8750 B770 8790 83io 8831 8852 8872 8892 

■95 89*3 8933 ,8 954 8974 8 995 9°*6 9036 9057 9078 9099 

■96 9120 9141 91&2 9183 9204 9226 9247 9268 9290 9311 

•97 9333 9354 93 7 6 9397 94*9 944* 9462 9484 9506 9528 

•98 9550 9572 9594 9616 9638 9662 9683 9705 9727 9750 

99 977* 9795 93*7 984° 9S63 9886 9908 9931 9954 9977 

I z 3 4 4 5 6 7 
22 145 5 °7 

2* 345 567 

* * 345 667 

32 345 667 

22 345 J 7 7 

23 345 678 

23 345 £78 

23 445 678 

23 455 678 

23 456 678 

23 456 7|9 

23 45f 7f9 

*3 456 7|9 

*3 456 7|9 

23 456 789 

23 456 79 xo 

23 457 89 jo 

23 467 891° 

23 567 89 *° 

24 567 891* 

24 567 8 Xo II 

24 567 9 xo 1* 

34 5 6 8 9 1° » 

34 568 9 *° « 

3 4 5 7 s 9 1 ° ** 

34 578 9 « I* 

34 5 7 8 xo XX 12 

134 6 7 8 xo XI 13 

1 3 4 6 7 9 Xo II 13 

13 4 6 7 9 Xo 12 13 

235 6 8 9 XI 12 14 

235 6 8 9 XI 12 14 

235 6 8 9 X* *3 *4 

235 6 810 1113*5 

235 7 8 10 12 13 15 

235 7 8 10 12 13 1J 

*35 7 9 10 12 14 16 

245 7 9 » 1* *4 

*45 7 9 11 *3 *4 16 

246 7 gtt tj* 5*7 

246 8 9 11 13 15 *7 

246 8 10 12 X 4 *5 17 
246 8 10 12 14 16 j8 

246 8 10 12 14 *6 18 

246 8 xo 12 15 17 *9 

246 8 H 13 15 I? *9 

247 9 I* 13 *5 *7 20 

247 9 IX 13 z6 I 3 2° 

257 9 IX 14 16 *8 20 

0x2 3456 789 

123 4 5 6 7 8 9 



INDEX 


Abdomen, Wow in, and urinary diastase, 
270 

Abscess See Sepsis 
Acetanilide and metJuemoglobjniemia, 
324, 

and sulphcemoglobinzemia, 324 
excreted as glycuronate, 1J7 
Acebc anhydride and sulphuric acid 
test of spinal fluid, 400 
Acefo-acetic acid, 173 See also 
Acetone bodies 
decomposition by heat, 175 
formula of, 173 
poisonous nature of, 173 
Acetone, 173 See also Acetone bodies 
formula of, 173 , 

m breath, 173 
Acetone bodies, 172-178 
in blood, 170, 177, 200 
in cerebrospinal fluid, 398 
in urine, 17, 172-178, 206 
Acetyl-salicylic acid See Salicylates 
Achlorhydria and histamine, 421, 430 
chlonde estimations in, 432 
definition of, 430, 434 
in carcinoma of stomach 428, 430, 
431 

increases with age, 423 
m pernicious amemia, 420, 430, 431 
Acholuric jaundice See Jaundice 
Achylia, 432, 434 
and histamine, 421 
Acidtsmia, 189-192 
definition of, 178 

Acid-base balance in blood, 183-189, 636 
summary of value of, 196-197 
Acid excretion, index of, 203, 200 
Acidosis, 172-206 
alkali reserve m, 203 
alveolar CO, in, 187, 192, 203 
bicarbonate tolerance test, 203 
blood cholesterol, 349 
cluneal, 189-192 
compensated, 178 
definition of, 178 

due to acid administration, 191, 297 

due to carbonic acid, 191, 192 

due to ketosis, 189-190 

due to organic acids, 192 

due to phosphate retention, 190-101 

index of acid excretion m, 203 

in renal inefficiency, 94, 190-191 


1 Acidosis, metabolic, 187 
i original definition of, 172 
respiratory, 187 
uncompensated, 178 
Acids, diluted and concentrated, 4 
normality of, 6 
weak and strong, 4, 182 
Acnflavine in nrrne, 229 
Acromegaly, basal metabolism, 487, 489 
blood sugar, 131 
metabolism experiment in, 605 
Addison’s anaemia See Pernicious 
anaemia 

Addison’s disease, basal metabolism, 487 
blood chlorides, 344 
blood potassium, 378 
blood sodium, 378 
Wood sugar, 132 
blood urea, 378 
blood volume, 389 
cortical extract in, 378 
treatment by eodium salts, 378 
Addis* ratio, 101 

Adenoma of pancreatic islets, 131 
of thyroid See Thyroid 
Adiponecrosis subcutanea neonatorum, 
611 

Adrenaline, action on blood sugar, 132 
basal metabolism and, 489 
mydnasm, 268 
Agranulocytosis, 227 
Air hunger, 190 
Alanine, 253 

Albumin, in blood See Blood 
in cerebrospinal fluid, 393, 400 
in faeces, 479 

in anne, 26, 27 See also Urine 
proteins, and Proteinuria 
estimation of, 25, 37 
separation from globulins and 
mucus, 39 

molecular weight of, 27 
Albumin-globulin ratio, in cerebrospinal 
fluid, 393, 400, 403 
in plasma, 96, 33fi, 369-377 
in untie, 25, 31 
in nephritis, 26 

Albuminuria, 22-43 See also Unno 
proteins, and Protemuna 
the term, 20 

Alcohol, calorific value of, 644 
test meal, 421 
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Alcoholic neuritis, composition of spinal 

fluid, 397 

Aldehyde reaction, 328-329 
Alkalzemia, 192-196 
definition of, 178 

Alkali reserve, and kidney efficiency, 94, 
103, 187, 190-191, 194 1 

definition of, 180 
determination of, 197-202, 205 
in acidosis, 203 

in control of treatment with 
alkalies, 192-194 
in diabetes, 158 186, 187, 190 
interpretation of, 186-187, 203 
lowering of, and definition of 
acidosis, 178 
normal, 95, 203 

Alkalies, alkalosis due to, 192 194 
blood calcium, 338 
control of dose of, 192 194 
treatment with, and reaction ol urine, 
204 

Alkalin e tide, 101 
Alkalosis, 192 196 
blood chlorides, 194-195, 345 
compensated, 178 
definition of, 178 

due to administration of alkali 
192-194 

due to loss of CO, 195 
due to loss of HC1 or NaCl, 194-195 
metabolic, 187 
respiratory, 187 
uncompensated, 178 
Alkaptonuria, 118-120 
comparison with melanogemma, 

“ Altered ” blood, 426, 443 473 
Alveolar CO„ estimation of, 205 
findings in disease, 187, 192, 203 
in acidosis, 187, 192 203 
in alkalosis of fevers 195 
normal, 203 

Alveolar CO, curve, in gastric diseases. 
432-433 

>n pancreatic diseases, 276 
Amidopynn See Pyramidone 
Ammo-acids, deaminisation of, 253 
Ammonia of blood, 184, 333, 353 
of unne, 184, 191, 294, 295 
of vomit 615 

Ammonia coefficient, 184, 206 
Ammonium chloride acidosis, 191, 297 
Ammonium magnesium phosphate, 
deposit in urine, 51 
Ammonium man delate, dose of, 297 
treatment of urinary infections 
297 

Amebiasis, Chareot-Leyden Crystals m 
fasces, 457 

Amphoteric reaction, 13 


Amyloid disease, renal, albumin globulin 
ratio in unne, 26 
Anaemia, alkalosis in, 187 
blood, appearance of, 312 
blood chlorides, 345 
blood cholesterol, 348 
blood oxygen, 360 
blood volume, 389 
cyanosis and, 360 
urea clearance test, 91 
Ansemia, secondary, basal metabolism, 
487 

fractional free HC1, 431 
urobilinuna, 237 

Anaerobic sepsis, haematinmmia, 327 
nietbasmoglobinsemia, 325 
methiemoglobinuna, 213 
aulphajmoglobtiLsima, 325 
Anaesthetics, and CO, acidosis, 101 
and ketosis, 178 

Analyses, normal range of, 2, 331 
Andrewes’ test, 96-98 

compared with Ehrlich’s test, 284 
Angeioneuiotic cedema, blood calcium, 
338 f 

Angstrom unit, 211 
Anhydrcemia, blood urea, 83, 383 
blood volume, 389 
cerebrospinal urea, 402 
lactic acid acidosis, 190 
plasma proteins, 369 
urea clearance test, 91 
Aniline poisoning, and 
metha:moglobin®mia, 324 
Anorexia and ketosis, 190 
and unnary colour, 219 
Anoxaemia, 359-360 
amemic, 360 
anonc, 359-360 
stagnant, 360 
Anthocy&mnuna, 219 
Anhfebrm See Acetanilide 
Anbketogenesu, 177 

Antimony treatment, and proteinuria, 
32 

Anbpyrme See Phenazone 
Apoplexy, glycosuria, 159 
ketnnnna, 159 

Apparatus, for blood urea, 77, 78 
for cleaning mercury, 529, 630 
for collecting blood, 308-309 
for determination of B M It , 485-486, 
490 

for drying pipettes, 7 
for equilibrating plasma with alveolar 
air, 199 

for estimation of urinary sugar, 122 
for “ fat ” extraction (Soxhlct), 350 
for titration in C0 2 free sir, 78 
for unnary urea(hypobrorwte method). 
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Apparatus, micro Kjeldahl, 355 
Soxhlet, 350 

Van Slyke’s volumetric CO*» 198 
Appendicitis, fractional free HC1, 431 
Aqueous vapour pressure, 493 
Archer’s method for blood urea, 80-82 
Argyna, 506 
Argyrosis, 506 
Arsenic, in bile, 446 
in hair and nails, 233 
m urine, 233 
poisoning, 233, 397 
and proteinuria, 32 
treatment, and proteinuria, 32 
Arterial point, 180 

Arteriosclerosis, blood cholesterol, 348 
blood urea, 103 

composition of spinal fluid, 398 
Arthritis, basal metabolism, 487 
blood unc acid, 385 

Arthritis, rheumatoid, fractional free 
HC1.431 

Ascites, chylous, 411 

Sudan IH test in, 411 
unnary chlorides, 288 
Ascitic flmd, 411, 515 

chylous, chyliform and 
pseudochylous, composition of, 
411 

chylous, Sudan III test, 411 
urea in, 515 
Ascorbic acid, 297-301 

in fresh unne, 208-299 
in preserved unne, 299 
in urine, choice of method for, 
300-301 

estimation of, 297-301^ 

With phospho 18 tungstic acid, 
300 

iodine equivalent of, 298 
output in health, 300 
regeneration by H t S, 299 
stability of, 298 
test doses of, 300 
test of saturation with, 300 
Asparagine, 253 

Aspirin, acetyl salicylic acid See 
Salicylates 

Asthma, blood calcium, 338 
urine “ proteose,” 28 
Atomic weights, 640 
Atophan, effect on «nc acid in blood and 
unne 386 

poisoning, lamilose tolerance test in, 
250 

Augmentation limit of urinary volume, 
84 

Aufrecbt’s reagent, 517 
test, cerebrospinal fluid, 404 
urine, 25, 34 
tube, 35 


Azohilirubin See Hunters test. Van 
den Bergh’s test 


Babcock tube, 418 

Babcocks’ method for milk fat, 417-418 
Balance experiments, 497-505 
definition of, 498 
example of, 505 
Barium, in enteroliths, 65 
Barometer, temperature corrections for 
brass scale, 493 
Basal metabolic rate, 483-496 
calculation of, 491-492 
carbon dioxide method, 486 
closed circuit method, 485-486 
definition of, 484 
estimation of, 489-496 
methods of determining, 485-486 
open circuit method, 485, 486 
tables for calculation of, 493-496 
Basal metabolism, 483-496 
apparatus, 485-486 , 400 
clinical value, 486-489 
conditions for determining 484-485 
definition of, 484 
importance of mental rest, 484 
influence of body temperature, 485 
influence of drags, 489 
influence of food, 484 
influence of muscular activity, 484 
in health, 486, 487 
in non thyroid diseases, 487, 489 
preparation of patient, 484-485 
Bases, diluted and concentrated, 4 
normality of, 5 
o! blood See Blood 
conservation of, 69, 184 
weak and strong, 4 

Beetroot, responsible for unusual colour 
of urine, 219 
“ Behnng-vennle,” 308 
Bence-Jones’ protein, 28 
detection of, 40-42 
molecular weight of, 27 
Benedict’s qualitative solution, 517 
test, 10, 100, 409 
and “ peptonuria,” 29 
and proteinuria, 29, 108 
in melanogenuna, 222 
minimum of sugar in unne 
detectable by, 107 

Benedict’s quantitative solution, 121, 
517 

mistaken fo r qualitative reagent, 
107 

reduction value of galactose, 252 
of glucose, 122 
of lactose, 419 
test, 121-123 
on milk, 418-419 
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Benzidine teat, in feces, 474-475, 476- 
477 

m gastnc contents, 438 
Benzoates, and synthesis of hippunc 
acid, 101 

Benzoyl glycine See Hippuric acid 
Bial'a reagent, ill, 518 
teat. 111 
spectrum of, 220 

Bicarbonate tolerance teat, in acidosis, 
203 

normal resulta, 203, 204 
technique of, 204-205 
Bilberries, and colour of urine, 219 
Bile See also Duodenal fluid 
A, B and C, 446, 447, 449 
abnormal excretory products of, 256 
after stimulation by magnesium 
sulphate, 446, 447, 449 
C fraction, cholesterol, 452 
solids, 452 
composition of, 243 
concentration of, in gall bladder, 242 
excretion of dyes in, 256-257 
quantity excreted daily, 242 
Bite-acids Set Bile-salts 
Bile-passages, infection of, duodenal 
fluid cells, 450 
protein, 449 

obstruction of, bile salts in, 240 
bilirubin and urobilin in blood, urine 
and feces in, 247 

bilirubin in gastnc contents or 
vomit, 244 
blood bile-salts, 248 
cholesterol, 249, 349 
bulky faeces, 273 
duodenal fluid, 449, 451 
faecal fat, 254 
stercobiUn in faeces, 243 
Van den Bergh s test in, 245-247 
Bite-pigments See also Bilirubin 
in bile 243 

Bile-salts, cycle of, 240-241 
formation in liver, 240 
v&hdA.m 
in blood, 248 

in duodenal fluid, 449, 451 
in fasces, 240, 248 
in gallstones, 63 
in unne, 18 239-240 
testa for. 18, 239-240 
nature of, 233 
source of, 240 
threshold substances, 240 
Biliary fistula, and loss of bile-salts, 240 
and ontput daily of bile, 242 
bile, composition of, 243 
BUlcyanin, 235, 236 
’Bilifoscnu in gallstones, 63 
Bihhnnnn, in gallstones, 63 


Bilirubin, cycle of, 237-239 
diagram of, 238 
direct and non direct, 245-246 
in blood See Blood, Van den 
Bergh’s teat, tic 

in cerebrospinal fluid, 391, 399, 400 
in duodenal fluid, 449, 451 
in feces See Faeces 
in gallstones, 63 
in gastnc contents See Gastnc 
„ m normal urine, 235 

in unne, 18, 66, 235-230, 5H7 
clinical significance of, 235, 247 
deposit of, 56 
tests for, 18, 235-236 
in vomit, 244 
properties of, 66, 235, 236 
threshold for, 246, 248 
Bilunbin index, interpretation, 214 
technique of, 259-261 
Biliverdin, 235, 236 
and Van den Bergh’s test, 240 
in blood, 313 
in feces, 243, 459 
in gallstones, 63 
in gaatno contents, 437 
in meconium, 243, 459 
Bismuth, in enteroliths, 05 
Biuret method for proteins, in ascitic 
fluid, 411 

in cerebrospinal fluid, 406-107 
in milk, 419 

in serum or plasma, 375-377 
in unne, 35-38 

reaction of unne with Benedict’s and 
Fehhng’B reagent 29 
Blackbemes, and colour of unne, 219 
Blackwater fever, haunoglobinasnua in, 
317 

hsemoglobmuna in, 213 
methaimoglobinamua, 325 
methasmoglobmona, 213 
pseudo-metbsmoglobmaemia, 325 
Bladder, calculus of, 58 
diseases of, and proteinuria, 32 
■pspiboma ol.l'o 

Blood, acetone bodies, 176, 177, 200 
acid base balance in, 1S3-IS9, 63G 
albumin, 96, 336, 369-377 
albumin globulin ratio, 96, 336, 369- 
377 

“altered,” 426, 443, 473 
amino acid nitrogen, 253, 333, 353 
ammonia, 184, 333, 3o3 
analysis, 331-390 
appearance of, 312-313 
arterial, collection of, 307-308 
bases of, 184, 205 
conservation of, 69, 184 
distribution of, 185 
total, 205-206 



INDEX 553 


Blood, bicarbonate See Alkali reserve 
bile salts, 248 

bilirubin, interpretation, 244-248 
methods, 259-264 
bleeding time, 256 
bromide, 333 
calcium, 337-341 
diffusible, 333, 337 
estimation of, 339-341 
forms of combination of, 337 
m jaundice, 256, 338 
in nephritis, 96 
ionic, 337 
norma], 333 

serum or citrated plasma for, 310, 
311 

serum proteins and plasma 
phosphate also required for 
interpretation of, 338-339 
calcium-phosphorus product, 365 
capillary, collection of, 302-305 
carbon dioxide, 342-343 See also 
Blood CO, 

catboxybaJtnoglobin, 318-323, 360 
chlorides, 344-347 
as test of kidney function, 93, 94 
estimation of, 345-347 
lowering of in intestinal 
obstruction, 194 
normal, 333 

me of whole blood or of plasma for, 
I8D 

choice of whole blood, plasma 'or 
serum, 311 
cholesterol, 348-352 
estimation of, 349-352 
free, ester and total, 348 
in diseases of liver and bile 
passages, 249 

in Gaucher s and Niemann’s 
diseases, 509 

in xanthomatosis, 349, 512 
kidney efficiency and, 95, 96 
normal, 348 

Blood CO, capacity, definition of, 179, 

342 

combining power, definition of, 
179, 342 

content, definition of, 179, 342 
note on determination of, 197 
haemoglobin carbamino compounds, 

343 

pressure or tension, definition of, 179 
values, normal, 343 
coagulation time, 256 
collection of, 302-31 1 See also 
tinder Individual analyses 
composition of, 333-336 
corpuscular volume, 333 
creatine, 333, 353 
creatinine, 100 1333, 353 


Blood diastase, and kidney efficiency, 101 
and pancreatic efficiency, 269 
estimation of, 269, 280 
normal, 269 

diseases, blood oxygen, 360-361 
occult blood in fences, 474 
distribution of constituents between 
corpuscles and plasma, 31 1 
extravasation of, and urobilin un a, 
237, 238 
fats, 334 
fatty acids, 334 
fibrin, 369-377 
in liver diseases, 256 
normal, 336 

fragility of corpuscles, 334 
freezing point, 334 
gases, prevention of loss of, 310-311 
globulins, 96, 336, 369-377 
glucose, true, 146 

estimation of, 147-148 
glutathione, and blood sugar, 147 
normal, 334 
test for, 177 
Blood-gun, 302 
Blood hsomatin, 327-328 
haemoglobin, calculation of, from 
oxygen combining power, 358 
in plasma, 317 
normal, 334 

in cerebrospinal fluid, 392, 399-400 
in faces, 276, 459, 472-478 
in gastnc contents, 420, 429, 438-439 
in unne See Unne 
mdican, 96-98 
An drew es’ test for, 96 
•folks’ test for, 98 
kidney efficiency and, 97, 102, 103 
normal, 334 
iodine, 334 

iron, in hemochromatosis, 510 
normal, 335 
lactic acid, 335 

and acidosis, 190 
and alkalosis, 105 
he vulose (fructose), 251 
lecithin normal, 335, 364 
lipase, 254 

magnesium, normal, 335 
nietbamoglobin, 314, 323-327, 360 
rutnc-oxidc haimoglohin, 323 
nitrogen, free in physical solution, 335 
partition, 253, 335, 353-357 
protein, 335, 353, 369-377 
total, 335, 353, 369-377 
non-protein nitrogen, 99, 353-357, 373 
and kidney efficiency, 99 
compared with that of unne, 99, 
353-354 

definition of, 09, 353 
estimation of, 354-357 
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Blood non-protein nitrogen, 

interpretation of See Blood urea 
normal, 335, 353 

proportion of urea nitrogen in, 
99, 353 

nse of in severe vomiting, 194 
normal composition of, 333-336 
oxygen, 358-361 
capacity, definition of, 358 
normal, 359 
clinical value of, 361 
combining power, definition of, 353 
normal, 359 

content, definition of, 358 
normal, 359 

haemoglobin estimations by, 358 
pressure or tension, definition of, 
359 

normal, 359 

saturation, definition of, 358 
nnsatnration, cyanosis and, 317-318, 
325, 360 

definition of, 359 
normal, 339 
values, normal, 359 
pH See also Blood reaction 
determination of, 205 
extreme range in disease, 197 
normal, 183, 334 
value of, 197 
phenols 335 
phosphatase, 362-363 
definition of units of by different 
methods, 362 
normat, 363 
origin of, 362 
techniques lor, 362 
phosphates (inorganic), 335, 361-368 
and kidney efficiency, 101, 190 
collection of blood, 366 
estimation of, 366-368 
normal, 335 
seasonal tide of, 365 
phosphatidcs 335 
phosphorus, 335, 364-368 
acid soluble, 335, 364 
classification of compounds, 364 
ester or organic, 335, 364 
inorganic or free, 335, 364-368 
lipoid or lipin, 335, 364 
normal, 335 
total, 335, 364 
porphyrin, 32S 

potassium, mainly intracellular, 378 
normal, 336 

preservation of, 309-311 
prevention of clotting, 309-310 
proteins, 336, 369-377 
estimation of, 370-377 
normal, 336 

qualitative examination of, 312-330 


Blood ratio of carbonic acid to 
bicarbonate, 186 
reaction, 1 83-189 
definition of, 178 
determination of, 205 
factors controlling, 183 
normal, 183, 334 
value of, 197 

refractive index, normal, 336 
rest nitrogen, 335, 353 
sodium, 378-382 
control by suprarenals, 378 
estimation, colonmetnc, 379-380 
gravimetric, 380-382 
mainly extracellular, 378 
normal, 336 * 

solids, 389 
normal, 336 
specific gravity, 336 
epectroseopical examination of, 
314-315 
tn vtvOt 314 

stains on clothes, etc , 506-508 
Blood-sugar, 124-148 
and kidney efficiency, 101 
capillary, 124, 130 

day and night variations, in diabetes, 
104-163 

in health, 127-128, 104-168 
effect of exercise, 130 
effect of meals, 127-128 
effect of smoking, 126 
“enhanced,” 146 
estimation of, 138-148 
fasting vain© of, 126 
rn diabetes, 135-136, 150-170 
influence of method on results, 124, 
146 

in head injuries, 130 

in insulin treatment, 163-169 

in lactosuna, 116 

in lavnlosuna, 116 

in pentosuria, 117 

low. See Hypoglycemia. 

“normal,” 124-128, 164-1 C 8 
physiological variations tn, 127--I28, 
132, 169 

preservation of blood for, 310 
tests, best time for, in insulin 
treatment, 168 
venous, 130 

Blood-sugar curves, 124-148 

action of ductless glands, 128, 131 
action of nervous system on, 130 
after Iasvulose, 129, 250-251 
after meals in diabetes, 163 
and glycogenic function, 130 
and rote of digestion and absorption, 
128 

and renal threshold, 130 
and type of food, 128 
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Blood-sugar ear res, capillary and venous, 
129, 139 

classification of, 136 
collection of blood for, 303-304 
data for, 124 
diabetic type of, 135 
dose of dextrose, 125 
effect of emotion on, 126 
effect of exercise, 130 
effect of fatigue on, 126 
effect of previous diet, 132 
effect of worry, 126 
essential points of, 126 
factors influencing, 123-132 
hyperglyciomia sine glycosuria, 
136. 

in children, 126 
in infancy, 126 
m infections, 126 
influence of age on, 126 
in old age, 126, 137 
in pancreatic diseases, 263 
interpretation of, 124-138 
“ lag ” glycosunc typo of, 134 
normal, 124-128, 164-168 
after dextrose, 124-126, 128, 

after food, 127, 132 
preparation for, 125 
renal glycosunc type of, 133 
methods, 138-148 
comparison between, 147 
sulphsemoglobw, 314, 323 327, 360 
sulphate, 95, 185, 336 
sulphur, normal, 336 
thioneme, 336 
total bases, 205-206 
solids, normal, 336 
Blood-urea, 75-84, 102, 383-384 
and liver function, 253 
estimation of, 75-82 
factors influencing, 82, 194, 384 
hypobromite method for, 76 
in children, 83, 95 
m old age, 83 

interpretation of, 82, 102-104 
nitrogen, 99, 353 
as percentage of N P N , 99, 353 
normal, 83, 336 
preservation of blood for, 310 
urease Nesslensation method, 80-82 
urease-titration method, 76-80 
value of, 83, 102-104 
urea clearance test See Urea 
clearance 

urea curve, 83, 253 
nitrogen, per cent of N P N , 99, 
353 

one acid, 300, 385-388 
and gout, 385 
and kidney efficiency, 100 


Blood one acid, estimation of, 386-388 
in liver diseases, 253 
normal, 336 

nuclei of normoblasts as source of, 
385 

of infants, 100 
urobilin, 247, 328, 336 
venous, collection of, 305-307 
viscosity, normal, 336 
volume, 389-390 
and hemoglobin estimations, 339 
methods, 3S9 
normal, 336 
water, 389 
weight, normal, 336 
Boas-Oppler bacilli, 444 
Boas test-meal, 421 
Body-size, and urea clearance, 86 
Body-weight, significance of variations 
in, 499 

Bogomolow’s test, 20, 230 
Boiling points of organic solvents, 644 
Boiirng test m proteinuria, 15, 22 
Bone See also Fractures, ossification 
diseases, blood calcium, 338 * 

blood phosphatase, 362-363 
calcium metabolism, 504 
phosphorus metabolism, 604 
lead in, in lead poisoning, 232 
mobilisation of calcium from, 191 
transillumination of, m congenital 
porphyna, 215 

tumours, blood phosphatase, 363 
Bone-marrow, and Bence Jones’ 
proteinuria, 2S, 29 
Books, selection of, 2 
Bradshaw’s test, 40, 41 
Brain, diseases of Bee Cerebral 
Breast-milk. Bee Milk, 
collection of, 413 
Breath, acetone in, 173 
water lost daily in, 499 
Bnck-dust deposit, 220 
Briggs’ method for blood phosphate, 
366-363 

Bromides, in unne, 230 
Bronusm, 230 
“ Bromo-Seltzer,” and 
solphaimoglobmasmia, 324 
BrozasnJphalein test, 257-258 
Bronchitis, acidosis in, 192 
Broncho-pneumonia, 

metiuemogtobmasrma, 325 
mtnc oxide haemoglobin® mia, 323 
Bronzed diabetes, 509-511 
Braid’s test, 248 
Buffers, 182 

Bum, blood chlorides, 344 
blood urea, 383, 384 
blood volume, 389 
urinary cblonde, 289 
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Blood non-protein nitrogen, 

interpretation of See Blood urea 
normal, 335, 353 

proportion of nrea nitrogen in, 
99, 353 

rise of in severe vomiting, 194 
normal, composition of, 333 336 
oxygen, 358-361 
capacity, definition of, 358 
normal 359 
cluneal value of, 361 
combining power, definition of, 358 
normal, 359 

content, definition of, 358 
normal, 359 

haemoglobin estimations by, 358 
pressure or tension, definition of, 
359 

normal, 359 

saturation, definition of, 358 
unsaturation cyanosis and, 31*3-318, 
325, 360 

definition of, 359 
normal, 3o9 
values, normal, 359 
pH See also Blood reaction 
determination of, 205 
extreme range in disease, 197 
normal 183,334 
value of, 197 
phenols, 335 
phosphatase, 302-363 
definition of units of by different 
methods, 362 
normal, 363 
origin of 362 
techniques for, 362 
phosphates (inorganic), 335, 304-368 
and kidney efficiency, 101, 190 
collection of blood, 360 
estimation of, 366-368 
normal, 335 
seasonal tide of, 365 
phosphatides 335 
phosphorus, 335, 354-368 
acid soluble, 335, 364 
classification of compounds, 364 
ester or organic, 335, 364 
inorganic or free, 335, 364-36S 
lipoid or lipin, 335, 364 
normal, 335 
total, 335, 364 
porphyrin, 328 

potassium, mainly intracellular, 378 
normal, 336 

preservation of, 309-311 
prevention of clotting, 309-310 
proteins, 33C, 369-377 
estimation of, 370-377 
normal, 336 

qualitative examination of, 312-330 


Blood ratio of carbonic acid to 
bicarbonate, 186 
reaction, I83-1S9 
de fini tion of, 178 
determination of, 205 
factors controlling, 183 
normal, 183, 334 
value of, 197 

refractive index, normal, 336 
rest nitrogen, 335, 353 
sodium, 378-382 

control by suprarenals, 378 
estimation, colorimetric, 379-380 
gravimetric, 380-382 
mainly extracellular, 378 
normal, 336 » 

solids, 389 
normal, 336 
specific gravity, 336 
spectroscopies! examination of, 
314-315 
in v*vo, 314 

stains on clothes, etc , 506-508 
Blood-sugar. 124-148 
and kidney efficiency, 101 
capillary, 124, 130 

day and night variations, m diabetes, 
164-163 

m health, 127-128, 164-168 
effect of exercise, 130 
effect of meals, 127-128 
effect of smoking, 126 
“enhanced,” 146 
estimation of, 138-148 
fasting value of, 126 
jn diabetes, 135-136, 150-170 
influence of method on results, 124, 
146 

in head injuries, 130 
in ingulm treatment, 163-1 CD 
in lactosuna, 116 
in kevulosuna, 116 
in pentosuria, 117 
low See Hypoglycaemia 
“normal/* 124-128, 164-168 
physiological variations m, 127-128, 
132, 169 

preservation of blood for, 310 
tests, best time for, in insulin 
treatment, 168 
venous, 130 

Blood-sugar curves, 124-148 

action of ductless glands, 128, 131 
action of nervous system on, 130 
after fcevulose, 129, 250-251 
after meals in diabetes, 163 
and glycogenic function, 130 
and rate of digestion and absorption, 
128 

and renal threshold, 130 
and type of food, 128 



INDEX 


555 


Blood-sagar carves, capillary and venous, 
129, 139 

classification of, 136 
collection of blood for, 203-304 
data for, 124 
diabetic type of, 135 
dose of dextrose, 125 
effect of emotion on, 126 
effect of exercise, 130 
effect of fatigue on, 126 
effect of previous diet, 132 
effect of worry, 126 
essential points of, 126 
factors influencing, 128-132 
hyperglycoenna sine glycosuria, 
136. 

in children, 126 
in infancy, 126 
in infections, 126 
influence of age on, 126 
m old age, 126, 137 
in pancreatic diseases, 268 
interpretation of, 124-138 
“ lag ” glycosunc type of, 134 
normal, 124-128, 164-168 
after dextrose, 124-126, 128, 

after food, 127, 132 
preparation for, 125 
renal glycosunc type of, 133 
methods, 138-148 
comparison between, 147 
sulphmmoglobm, 314, 323-327, 360 
sulphate, 95, 185 336 
sulphur, normal, 336 
thioncine, 336 
total bases, 205-206 
solids, normal, 336 
Blood-urea, 75-84, 102, 383-384 
and liver function, 253 
estimation of, 75-82 
factors influencing, 82, 194, 384 
hypobromite method for, 76 
in children, 83, 95 
in old age, 83 

interpretation of, 82, 102-104 
nitrogen, 99, 353 
as percentage of N P N , 99, 353 
normal, 83, 336 
preservation of blood for, 319 
urease Nesslensation method, 80-82 
urease titration method, 76-80 
value of, 83, 102-104 
urea clearance test Sec Urea 
clearance 

urea curve, 83, 253 
nitrogen, per cent of HPJS , 99, 
353 

one acid, 100, 385-388 
and gout, 3S5 
and kidney efficiency, 100 


Blood uric acid, estimation of, 386-388 
in liver diseases, 253 
normal, 336 

nuclei of normoblasts as source of, 
3S5 

of infants, 100 
urobilin, 247, 328, 336 
venous, collection of, 305-307 
viscosity, normal, 336 
volume, 389-390 

and hemoglobin estimations, 380 
methods, 389 
normal, 336 
water, 389 
weight, normal, 336 
Boas-Oppler bacilli, 444 
Boas test-meal, 421 
Body-sire, and urea clearance, 86 
Body-weight, significance of variations 
in, 499 

Bogomolow’a test, 20, 236 
Boiling points of organic solvents, 544 
Boding test m proteinuria, 15 22 
Bone See also Fractures, ossification 
diseases, blood calcium, 338 
blood phosphatase, 362-363 
calcium metabolism, 504 
phosphorus metabolism, 604 
lead in, in lead poisoning, 232 
mobilisation of calcium from, 191 
transdlununation of, in congenital 
porphyria, 215 

tumours, blood phosphatase, 363 
Bone-marrow, and Bence Jones’ 
proteinuria, 23 , 29 
Books, selection of, 2 
Bradshaw’H test, 40, 41 
Brain, diseases of See Cerebral 
Breast-milk See. Milk 
collection of, 413 
Breath, acetone m, 173 
water lost daily in, 499 
Bnck-dust deposit, 220 
Briggs’ method for blood phosphate, 
366-368 

Bromides, in urine, 230 
Bromism, 230 
“ Bromo-Seltzer,” and 
sulphtemoglobinaamta, 324 
Bromsnlphalein test, 2,57-258 
Bronchitis, acidosis m, 192 
Broncho-pnenmoma, 

methajmoglobinajmia, 325 
mtne-oxide hiemoglobiniemia, 323 
Bronzed diabetes, 509-511 
Brnl6’s test, 248 
Buffers, 182 

Burns, blood chlorides, 344 
blood urea, 383, 384 
blood volume, 389 
urinary chloride, 289 
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Cachexia, blood cholesterol, 348 
carotunemia in, 313 
CaSerne test meal, 421 
Calcium, administration of, 338, 339 
bilirubinate, in duodenal Bind, 450 
in gallstones, 63 
carbonate, calculus, 69 
m gallstones, 63 
m salivary calculi, 66 
in tartar, 65 
chloride, acidoais, 191 
intravenous, 256 
daily requirement of, 504 
hydrogen phosphate, deposit in urine, 
61 

metabolism, 504, 605 
minimum intake of calcium, 504 
oxalate, calculi, 58, 59 
crystals, illustration of, 51 
in fasces, 457 
in urine, 44, 45, 51, 276 
phosphate, m gallstones, 63 
in salivary calculi, 65 
in tartar, 65 
Calculi, ammonia in, 61 
analysis of, 60-62 
and vitamin deficiency, 69 
biliary, 63 

calcium carbonate, 69 
oxalate, 68, 69 
composition of, 58-62 
cystine 62, 69 
fatty, 64 

pancreatic, 65 ' 

phosphatic, 68, 69 
pseudo , 64 

salivary, 65 

uratic, 58, 69 
urinary, 68-62 
and lithuna, 60 
and oxaluna, 62 
and phosphatnrio, 51 
xanthine, 59 

“ Calcuhns,” 448, 460, 451 
Calorific value of foods, calculation of, 
WA . 

Calorimetry, 485 
Calsoda, 490, 492 
Cammidge’s test, 276 
Camphor, excretion as glycuronate, 117 
test of liver function, 255 
Cancer, blood cholesterol, 349 
blood fibnn, 369 

Canthandes, fibnn una due to, 28 
Capillary blood See Blood 
Capsules, preparation and sealing of, 
400 

Carbohydrate, available, 600 
calculation of intake of, 600 
calonfie value of, 644 
metabolism, 600-501 


Carbohydrate, storage mechanism, 134 
“lag” in, 134 

Carbolic acid, excretion as ethereal 
sulphate, 255, 282, 290 
excretion as glycuronate, 117 
poisoning, urinary sulphates, 290 
test of liver function, 255 
Carboluna, 226 
and ochronosis, 226 
’ tests for, 226 

Carbon dioxide, acidosis, 191, 192 
calorific value of, 485 
combining power of plasma See 
Alkali reserve 
dissociation curve, 180 
excretion, 485, 486 . 

of blood See Blood CO* and 
Alkali reserve 
poisoning, 187 

monoxide method for blood volume, 
389 

poisoning, 318-323 
and alkalosis, 187 
Carbosorb granules, 490, 492 
Carboxyhsemoglobm, nature of, 317 
spectrum of, 212 
in reversion spectroscope, 321 
Carboxyhffimoelobmmmia, 318-323 
and artificial respiration, 318 
and CO content of air, 318 
anoXcBtoia in, 360 
colonmetnc estimation, 319-320 
detection and estimation, 319-323 
by reversion spectroscope, 320- 
323 

sources of CO, 318-319 
symptoms and degree of CO saturation 
318 

Carboxysulphsmoglobm, 327 
spectrum of, m Jaked blood, 212 
Carcinoma of tesophagus, 426 
of pancreas See Pancreas, tumour of 
of pancreatic islets, 131 
of stomach, achlorhydria, 428, 430, 
431 

"Boas fipp'ier cacifu, 444 
Ewald meal results, 427, 42S 
fractional test-meal, 431 
gastno residuum, 426, 433 
hypercbloihydm, 431, 433 
lactic acid in gastno contents, 426 
microscopical examination of gastno 
contents, 444 
occult blood in fteces, 474 
Carmine, marker for faces, 453 
Carnot and Mauban's teat for lipase, 273 
Carotmaunia, 260, 313 
icterus index in, 244 260 
Casein cunls in gastno contents 443, 444 
i molecular weight of, 27 
I Casemogen. 417 
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Caste Set Unne, casts 
Catarrhal jaundice See Jaundice. 
Cayenne-pepper deposit, 45 
Cells, m cerebrospinal fluid, 394-398 
in faeces, 455 

m gastric contents, 428, 443 
m unne See Urine 
Centrifuge, 0 
tubes, balancing, 9 

Cerebral abscess and cerebrospinal fluid 
chlorides, 402 

composition of spinal fluid, 395 
spinal fluid sugar, 402 
haemorrhage, blood sugar, 130 
composition of spinal fluid, 390 
glycosuria, 116 
pressure of spinal fluid, 399 
yellow spinal fluid, 400 
thrombosis, composition of spinal 
fluid, 396 

yellow spinal fluid, 400 
tumour, composition of spinal fluid, 
395 

glycosuria, 115 
pressure of spinal fluid, 399 
yellow spinal fluid, 400 
Cerebrospinal fluid, 391-412 

acetic anhydride and sulphuric 
acid test, 400 
albumin, 393, 400 

albumin globulin ratio, 393, 400, 403 
and Lange’s test, 403 
appearance, 393 
bilirubin, 391, 399, 400 
blood in, 392, 399, 400 
cells, 394-398 

chlorides, 393, 394-398, 402 
estimation of, 408-409 
clot formation, 399 
collection of, 391-392 
colloidal gold test, 403—404 
technique of, 410-411 
colloidal testa, 403 
colour, 393, 394-398, 399-400 
composition compared with that of 
blood, 391, 393, 402 
composition of m disease, 394-398 
fibrin, 399 

From’s syndrome, 402-403 
globulin, 393, 394-398, 400-401 
detection of, 407 
estimation of, 407 
glacose See Sugar, 
inorganic constituents, 393 
Lange's test, 403-404 
technique of, 410-411 
normal, 393 
pressure, 393, 399 
protein, 393, 394-398, 400 
estimation of, 404-407 
differential estimation, 407 


Cerebrospinal fluid, recognition of, in 
discharges, 615 

reducing substance, nature of, 401 
sugar, 393, 394-398, 401-402 
after glucose, 401 
detection of, 409 
estimation of, 409 
factors influencing, 401-402 
in ventricular cisternal and 
lumbar, 392, 401 
triple puncture for, 392 
turbidity, 399 
urea, 393, 394-398, 402 
estimation of, 409 
withdrawal of, 391-392 
yellow colour and old haemorrhage, 
399-400 

Cn See also pH 
definition of, 180-181 
relation to pH, 537 
Chalk, storage of rubber goods in, 202, 
341 

Charcoal, in gastnc analysis, 424, 444 
marker for fasces, 453 
Charcot-Leyden crystals, illustration of, 
457 

in fasces, 457-458 
in leukasmic spleens, 458 
Children, basal metabolism, 489 
blood analyses in nephritis of, 95 
blood bilirubin, 244 
blood phosphate, 364, 365 
sugar, 126 
urea, 83, 95 
volume, 389 

collection of blood from, 304-305, 
306-307 

diabetes in, 162-163 
fiecal fats, normal, 462-463 
pathological, 464 
fsecal protein, 479 
fasces, 454, 453 
fat metabolism, 502-503 
gastric analysis in, 421 
hypoglycanma in, 16 2 
ketosis in, 178 

metabolism experiments, 498 
pH of faeces, 480 
tetany and blood calcium, 337 
urinary chlorides in pneumonia of, 289 
urinary colour, and sucking toys, etc , 
221 

unnaiy creatine, 294 
Chloral, excretion as glycuronatc, 117 
Chloride concentration test, 94 
normal daily output of, 283 
retention, 94, 288 
shift, 1SS 

Chloroform, as preservative of unne, 292 
excretion os glycuronatc, 117 
poisoning, kevnlose tolerance test, 250 
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Chlorophyll, in faeces, 473, 478 
spectrum of, 220 
Cholsgognes, 447 

* « Cholebilmitm," 237, 238, 245-246 
threshold for, 246, 248 
Cbolecyanm, 235, 23G 
Cholecystitis, duodenal contents, 450 
Cholecystography, 242, 256 
Cholelithiasis, blood cholesterol, 249, 349 
duodenal contents, 450, 451 
fractional free HC1, 431 
Van den Bergh*s teat, 245 
Cholera, blood chlorides, 344 
blood urea, 383 
volume, 389 
plasma proteins, 369 
Cholesterol, formula of, 57, 351 
illustration of, 57 
in bile, 243, 451-452 
m blood See Blood 
in duodenal fluid, 450, 451 
estimation of, 449 
in faeces, 457 
in gallstones, 63 
in skin, 511. 512, 513 
in spleen, 509 
in urine, 95 285 
deposit of, 57 
monohydrate, 63, 351 
source of, 248 
synthesis of, 249 
Cholesterol-poor diet, 348 
Choletelm, 235, 236 
Chromic acid poisoning 327 
Chyle, composition of, 284 
Chylous, ascites 411 
metronrhom, 2.95 
Chyluna, 284-285 
Sudan m test in, 285 

colour plate See Frontispiece 
Cmchophen, 386 
Cisternal fluid 391,392 
Citnc acid 191 
Clots, fibrin See Fibnn 
CO, See Carbon dioxide 
Coal-tar poisoning, 324 
Ccekac disease, blood calcium, 338 
blood phosphate, 338 
bulky stools, 273 
f*cal fats, 464 
fat metabolism, 502, 603 
“ Coffee-grounds ” m vomit, 424 
test for, 439 
ColcSacmn, 386 
Cold baths and proteinuria, 32 
extremities, blood oxygen, 360 
in the head, and blood-sugar, 161 
and blood sugar curves, 126 
Colitis, fat metabolism, 603 
mucous, Charcot Leyden crystals in 
fmees 457 


Colitis, mucus in faeces, 472 
Colloidal gold test, 403-404 
technique of, 410-411 
Colon, carcinoma of, faical protein, 479 
ulceration of, occult blood in faeces, 
474 

protein in fasces, 479 
Colorimeter, 9-12 
calculations, H 
practical instructions, 10 
Colostrum, 414 

^Coma, cerebrospinal urea, 402 
diabetic See Diabetes melhtus 
due to CO poisoning, 318-323 
non diabetic, glycosuria and ketonuna 
in, 159 

Comparator, Ixmbond See Lovibond 
Concretions, 63-66 . 

biliary, 63 
enteroliths, 65 
examination of, 65 
fatty, 64 
psendo , G4 
salivary, 65 
tartar, 65 
urostealiths, 64 

Congenital cystic kidney, 103, 514 
acidosis in, 190 
blood urea, 383 

porphyria or porphyrmnna, 215-216, 
328, 476 

pyloric stenosis, alkalosis in, 104-195 
BteatorrhffiS, appearance of faices, 273 
bulky stools, 273 
fascal fats, 4S4 
fat metabolism, 502 
Conjugation, 255 
Constant diet, 497, 601 
Constipation, mdicannna in, 282 
methremoglobiniemia and, 324 
sulphremoglobrnremia and, 324 
urobilin una in, 237, 239 
Conundrums, 613-515 
Conversion factors and tables, 533-639 
Convulsions, blood calcium, 337 
cerebrospinal urea, 402 
Copaiba, and Hay’s test, 240 
Copper, m gallstones, 63 
Coproporphynn See Stercoporpbyrm. 
Coprosterol, 249, 455 
Cordite tubes 406 
Corpora amyls ce a, 65 
Creatine, in blood, 333, 353 
in unne, 294 

Creatinine, m blood, 100, 333, 353 
in nnne, 100, 294, 295 
reduction by, 109, 112 
Create rrhcea, 272 
tree, 272 

Creaol, test of liver efficiency, 255 
Cresoluna, 227 
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Cretinism, basal metabolism, 469 
Wood sugar, 131 
Cnbebs, and Hay’s test, 240 
Cyanheemoglohm, nature of, 317 
spectrum of, 32G 
Cyanosi3, 317-318, 360 
ansemia and, 360 
blood oxygen, 360-361 
enterogenous, 324 
idiopathic, 324 
in methemoglobinemia and 
aalph&moglobiaamua, 325 
in polycythaemia, 360 
local, 360-361 
nucrobic, 324 
toxic, 324 

Cyclical vomiting, ketosis in, 190 
Cylmdroids, 46, 49 
Cyst fluids, 41 1, 614 
Cystine, calculi 52, 69 
formula of, 52 
illustration of, 52 
in unne, 52-54, 290 
estimation of, 53 
identification of crystals, 63 
in neutral sulphur fraction, 290 
teats for, 53 

Cystitis, mucus in unne, 27, 32, 48 


Dermoid cvst, 411 
Detoxication by liver, 255, 281 
De Witt’s pills, 229 
Dextrose See Glucose 
Diabetes, bronzed, 509-511 
insipidus, colour of unne, 219 
specific gravity of unne, 219 
meUitus, acidsenna in, ISO, 190 
acidosis in, 186, 187, 189 
alkali in, 158, 190, 192 
reserve, 158, 186, 187, 190 
alkalosis due to treatment with 
alkalies, 190, 192 
alveolar CO„ 203 
basal metabolism, 487, 489 
bicarbonate tolerance test, 203 
blood chlorides, 345 
cholesterol, 349 
phosphate, 365 

Wood sugar, 135-130, 150-170 
after restricted meal, 128 
curves, 132, 135-136 
Wood urea, 83, 384 
volume, 390 

capillary and venous blood sugar, 
130 

carbohydrate metabolism, 600-501 
carotin serma, 313 
cerebrospinal sugar, 398, 401 
chemical tests in, 149-171 
colour of unne, 219 


Diabetes, melktus, coma in, f 59-1 60, 
161, 190 

blood phosphate, 365 
blood sodium, 378 
Wood urea, 383 
blood volume, 389 
treatment by alkali, 192 
composition of spinal fluid, 398 
diastase in unne, 270 
diets in, 151-170 
effect of exercise, 131 
galactose tolerance test, 25 2 
glycosuria, 151-170, 500 
hyperglycmmia sine glycosuria, 
136-137, 156 
m children, 162-163 
index of acid excretion, 203 
infections in, 161 
insulin in, 152-171 
islets of Langerhans and, 266-267 
ketosis m, 149 170, 177 
hevulose tolerance test, 251 
toyulosuna ( tructosuTia ), 116 
bpsmia, 312 
hpuna, 286 
Loewi a test, 268 

lowering of renal threshold for 
dextrose, 133, 153, 155, 162, 163 
mild, 152-154 
moderately severe, 154-157 
operations in, 161 

pancreatic efficiency tests, 266-267, 
275 

pathology of, 266-267 
pentosuna, 117 
plasma proteins, 370 
potential, 134, 151-152,512 
pregnancy m. 161 
protamine insulin m, I70-I7I 
proteinuria, 32, 150 
raising of renal threshold for 
dextrose, 130, 135, 163 
routine tests in, 149-151 
sepsis in 161 
severe, 158-159 
specific gravity of urine, 219 
treatment of, 151-171 
tuberculosis in, 162 
xanthomatosis in, 349, 512 
zinc protamine insulin in, 170-171 
Diace he acid, 173 See also Acetone 
bodies 

poisonous nature of, 173 
Diapers, 514 

Diarrhoea, bilirubin and urobilin in blood 
urine and fmees, 247 
bile-salta in fawes, 218 
bilirubin m faxx-s, 213 ___ 

Wood chlorides, 344 
urea, 83, 381 
volume, 3S9 
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Diarrhoea, bulky stools, 273 
fajcal fats, 464 
fat metabolism, 502, 503 
in infants, green stools, 460 
plasma proteins, 369 
protein in feces, 479 
starch in (sees, 271 
water metabolism, 499 
Diastase, action of, 269 
daily output m health, 270 
estimation of, 277-280 
m blood See Blood 
in duodenal fluid, 269, 449 
in fasces, 269 
in gastric contents, 269 
m parotid fistula juice, 514 
in urine See Urine 
in wound discharges, 514 
unit of, 269, 278 
Diastatic index, 270, 278 
Diazo test. Hunter s, 19, 64 
in blood 96-98 
in urute, 283-284 

Dichlorophenolmdoflhenol, 297 298 
Diet, and blood sugar curves, 128, 
132 

and blood urea, 82 

and carotimemia, 313 

and colour of feces, 460 

and excretory testa, C8 

and ketosis, 178 

and lactosuna, 110 

and lamdosuria, 116 

and nitrogen of fasces, 472 

and nitrogen partition of unne, 295 

and pentosuria, 117 

and reaction of feces, 479 

and solids of fasces, 480 

and sulphur partition of urine, 289 

and urea clearance test 88 

and urinary diastase 270 

and weight of feces, 458 

calorific value of, calculation of, 544 

chlorophyll free, 473 

cholesterol poor and nch, 348 

constant, 497, SOi 

haemoglobin free 473 

in diabetes, 151-170 

ketogcnic, 297 

low fat, and interpretation of faecal 
fats, 461 

low protein, and blood N P N , 100 
and blood urea, 82 
and Urea clearance, 88 
mflk and fat retention, 502, 503 
and lactoaum, 110 
vitamin C deficient, 297-301 
Diphtheritic paralysis, composition of 
spinal fluid, 397 
Direct vision spectroscope Set 
Spectroscope 


Discharges, recognition of cerebrospinal 
fluid in, 515 
of unne in, 513 
trypsin and diastase in, 514 
wateriest in, 499 

Disseminated sclerosis, composition of 
spinal fluid, 397 
fractional free HC3, 431 
Lange’s test, 404 
Dissociated jaundice, 239 
Donglas*hag method for B.M R , 485, 
486 

Drugs, action on basal metabolism, 489 
causing porphynnnna, 215 
in bile, 256, 446 
m duodenal fluid, 446 
in feces, 460 
in unne, 225-234 
reduction by, 117 

Ductless glands, action on blood-sugar 
128, 131 

diseases of, blood sugar, 131 
glycosuria, 115 
Duodenal contents, 446-152 
fluid, alkalinity, 448 
bde salts, 449, 451 
bilirubin, 449, 451 
blood, 449 

calcium bilirubinate, 450 
calcium oxalate, 450 
“ calcuhns,” 448, 450, 451 
cholesterol, 449, 450, 451-452 
clinical value of examination of 
450-451 

collection of, 446-448 
crystals in, 450 
diastase, 449 
drugs in, 446 
enzymes, 449, 451 
examination of, 448-452 
fractional examination of, 448 
lipase, 449, 451 
detection of, 273 
macroscopical examination, 448 
microscopical examination, 450 
proteins, 449 
reaction, 448 
regurgitation of, 429 
solids 452 

trypsin, 271, 449, 451 
method for, 481-482 
nrobdin and urobilinogen, 451 
Duodenal intubation, 446-448 
therapeutic use of, 446 
obstruction See Intestinal 
obstruction 
tube, 446 

nicer, and lag glycosuna, 134 
Ewald meal results, 427, 428 
fractional test meal 431 
occult blood in feed, 420, 474 
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Duodenum, distance from teeth, 447 
infection of, duodenal fluid cells, 450 
protein, 449 

Dnsbng powders, starch in urine from, 58 
Dye tests of kidney efficiencj , 91-93 
value of, 103 

of liver efficiency, 256-258 
Dyes, and colour of urine, 218-21 9 
Dysmsnlmism, 131, 1C9 
Dyspepsia, chrome, Ewald meal results, 
427, 428 

nervous, fractional free HCI, 431 
reflex, 420 

Dystrophia adiposo-gemiahs, blood 
sugar, 131 

Eade’s pills, 228 

Ear, collection of blood from, 303-304 
diseases, cerebrospinal chlorides, 402 
composition of spinal fluid, 394 
escape of cerebrospinal fluid from, 615 
Eclampsia, and hpuna, 286 
blood calcium, 338 
chlorides, 344 
lipase, 254 
uric acid, 385 
diastase in urine, 270 
hamwtinauma, 327 
methsemoglobinacmia, 325 
Edestin, molecular weight of, 27 
Egg albumin, molecular weight of, 27 
Ehrlich’s diazo reagent, 619 
test, 283-284 
test for urobilinogen, 230 
Einhom tube, 422 
Emery’s two way tap, 308 
Emphysema, acidosis in, 192 
blood oxygen, 360 
Empyema, chlorides in unne, 288 
indicanuna in, 281 
Encephalitis, alkalosis in, 187 
lethargica, cerebrospinal sugar, 398, 
401 

composition of spinal fluid, 398 
‘ Enolie grouping, 173 
Enteritis, Charcot Leyden crystals in 
faeces, 458 
faecal fats, 464 
Enteroliths, 65 
Eosin in urine, 219 
spectrum of, 220 

Epidural abscess, Train's syndrome, 403 
Epilepsy, argym, 606 
basal metabolism, 487 
Epithelial cells, in gastnc contents, 443 
in urine, 48 

significance of squamous, 30, 443 
Epstein’s diet and urea tests, 103 
Erythrocytes See Red blood corpuscles 
Esbach’s reagent, 519 
test, 24 34 


Esbach’s tube, 35 

En-glohuhn or lipoid globulin in blood, 
348 

in cerebrospinal fluid, 400, 403 
in unne, 27, 28, 39, 95 

Ewald meal, 420 
results, 427, 428 

“ Exalgm *' and eulphasmoglobuixmia, 
324 

Exercise, blood sugar, 130 
and insulin, 131 

Exophthalmic goitre, basal metabolism, 
486, 488, 489 
blood sugar, 131 

Exudates and transudates, 411 

Faces, 453-182 
albumin, 479 
amount, 458-459 

ash, in obstruction of pancreatic and 
bile ducts, 276 
bacteria, weight of, 469, 480 
benzidine tost, 474-475, 476-477 
bile salts, 240, 248 
bilirubin, 243, 247, 459 
testa for, 459 
biliverdin, 243, 459 
blood, 276, 459, 472-478 See also 
Faces, occult blood 
bulky, 254, 273 
calcium, 504 

calcium oxalate crystals, 457 
carbohjdrates, 600 
cells, 455 

cellulose residues, 457 
Charcot-Leyden crystals, 457-458 
chlondes, 504, 513 
chlorophyll, 473, 478 
cholesterol crystals, 457 
collection, 453 
colour, 247, 254, 459-160 
composition of, 454 
concretions, 65 
consistency, 454 
coprosterol, 249, 455 
desiccation of, 461, 465 
diastase, 269 
drugs, 460 
drying of, 461, 465 

fat analyses, interpretation of, 462-464 
fat globules, 456 
fats, 461-471, 502-503 
and hver efficiency, 254 
and pancreatic efficiency, 273-274 
definition of, 461 
estimation of, 464-471 
by Soxhlet method, 469-471 
in health, 462-464, 503 
in starvation, 464, 502 
interpretation of, 402— 104 
neutral, definition of, 461 
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Faces, fats, split and unspht, 461-471 
split, titration factor for, 4G2, 
467 

fatty acids, crystals, 456 

esterification of, 461-462, 470 
general composition, 454 
hamatm, 459, 473, 475, 478 
hamato porphyrin See Faces, 
porphyrin 

hamochromogen test, 478 
hydrobilirubin and 
hydrobilirubmogen, 237, 238 
indole, 281 
in nnne, 68 
lipase, 273 
lipoids, 463 

liquid paraffin, 456, 461 
estimation of, 468-469 
maeroscopical examination, 454 
magnesium, 504 
markers, 453 

microscopical examination, 273-274, 
455-458 
mucus, 471-472 
muscle fibres, 271-272 
nitrogen, 472, 501 
m pancreatic diseases, 271 
normal, 454 
occult blood, 472-478 

and examination for meat fibres, 
473 

and pancreatic disease, 276 
consideration of methods, 474-175 
definition of, 473 
detection of, 476-478 
information from combination of 
tests, 475-476 
interpretation of, 474 
preparation of patient, 473 
relative sensitivity of tests for, 
475 

site of hemorrhage, 475-476 
size of hremorrhage, 476 
pH, 479-480 
phosphorus, 504 
porphynn, 459, 478 
and occult blood tests, 473, 474, 475. 
476, 478 

tests for, 477, 478 
preservation, 453-454 
protein, 478-179 
protoporphyrin Set Faces, 
porphyrin, 
reaction, 479-480 
saline for suspensions of, 455 
soap crystals and plaques, 456-457 

copper mtrato test for. 456-457 
illustrations of, 456 — - 
eoap3, estimation of, 463, 469-470 
hydrolysis of, 461-4C2, 470 
value of, 463 


Faces, solids, 4 go 

spectroscopic test for blood, 475, 
477-478 

for stercobihn, 481 
spermine phosphate, 457-458 
starch granules, 271 
stercohilm See Stercobihn. 

„ tests for, 480-481 
stercobihnogen See Stercobihnogen 
tests for, 480-481 
sterols, 463 

triple phosphate crystals, 457 
trypsin, 271, 481-482 
detection of, 481-482 
undigested muscle fibres, 271-272 
unsapomfiable matter, 463, 502 
urine contaminated by, 58 
in, 513 

F amin e ccdema, plasma proteins, 370 
Fasting juice from stomach. See Gastric 
residuum 
Fat necrosis, 511 
Fats, calorific value of, 544 
desaturation of, 253 
in ascitic fluids, 411 
in bile, 243, 256 
in blood, 334 
in chyle, 284 
in faces See Faces 
in lipuna, 286 
in milk. See Milk 
in urine, 284-280 
in xanthoma nodule, 513 
metabolism of, 602-503 
mobilisation of, and carotimemia, 
313 

and cholesterolamia, 349 
retention of, 502-503 
storage of, 253 
subcutaneous, 511 
Fehlmg’s reagent, 519 
test, 16, 107, 120, 409 
and “ peptonuria,” 29 
and proteinuria, 29, 103 
m melanogenuna, 222 
Fermentation, of glucose in galactose 
tolerance test, 2o2-233 
test, 109 

technique of, 112-114 
tubes, illustration of, 112, 113 
Fevers, alkalosis in, 195 
alveolar CO t , 105 
blood chlorides, 344 
diazo test m unne'284 
ketosis in, 19G 
tetany in, 196 
urinary colour, 219 
arobikourm, 23 7 
Fibrin, in blood See Blood, 
m cerebrospinal fluid, 399 
in chylana, 284 
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Fibnn, tn unne, 28, 2SI 
separation of from plasma, 37 1 
Fdanasu, chjluna in, 285 
Sudan III test, 285 
Filter papers, 533 

Finger, collection of blood from, 302-303 
Flavine, in unne, 229 
FI aid intake, and colour of urine, 218, 219 
measurement of, 409 
Folin and Wa’i blood sugar method, 
142-144 

applied to spinal fluid, 409 
micro, 144-148 
Folin ’s sugar tube, 143 
Food See Diet 

Formalin, ns preservative of unne, 293 
Formol-gel test, 328-329 
Fouchet’s reagent, 201, 619 
test, colour plate of, in unne, 18 
in faces, 459 
In plasma or scrum, 

interpretation, 244 
method, 201-202 
in unne, 18 

Fractional method for duodenal contents, 
448 

test-meal See Gastno analysis 
Fractures, blood phosphatase, 363 
healing of, blood phosphate, 3C6 
of fong bones, and Iipuna, 280 - 
of skull See Skull 

FragiUtaa ossnun, blood phosphatase, 303 
Fragility of corpuscles, 334 
Fraunhofer lines, 210 
wave lengths of, 210 
French chnlk, 202, 341 
Froin’s syndrome 402-403 
Fructose. See Lmvulose 
Fruits, carbohydrate content of, 600 


y, definition of, ISO (footnote) 

Galactose, absorption rate of, 251 
and glycogen formation, 251 
dose of, 252 
in unne, 10S, 252 
specific rotation of, 253 
tolerance test, 251-253 
Gall-bladder bile, composition of, 243 
diseases See also Cholecystitis, 
cholelithiasis, etc 
Loewi’s test, 268 
functions of, 242 

infection of, protein in duodenal fluid, 
449 

Gallstones, 63 See also Cholelithiasis 
analysis of, 63 
classification of, 63 
Gangrene, diabetic, 158 
GaskelF* method for cystine in unne, 53 


Gastric acidity, regulation of, 429 
analysis, 420-445 
active acidity, calculation of, 441 
activo acidity and active HCJ, 
meaning of, 435 
alveolar CO, method, 432 
benzidine test too sensitive, 438 
bile, detection of, 437-438 
blood, detection of, 438-439 
buffer action of milk, 421 
charcoal, 424, 444 
chlondcs, estimation of mineral, 
441, 442 

of total, 441, 442 
mineral and total, relationship of 
to acid values, 435 
clinical value, 433-434 
conversion of c c JT/19 per cent 
into gm per 100 c c , 534 
definition of terms, 434, 435 
factors influencing, 420 
fractional method, 429-432 
bile, 429 
blood, 429 
chlorides, 432 
free IIC1, 430-431 
mucus, 430 

results ta health and disease, 
431 

sediment, 430 
starch, 430 
total acidity, 432 
treatment controlled by, 431, 
434 

free HCZ, definition of, 430, 434 
detection of, 436-437 
estimation of, 439-441 
h&matin, 439 

interpretation of, 420, 433-434 
lactic acid 426, 437 
method of recording results of, 
440-441 

microscopical examination, 

433-444 

mucus, 426, 429, 430, 436, 443 
one-hoor test method, 426-429 
microscopical examination, 

429, 443-444 

results m health and disease, 
427, 428 

organic acids, 435 
pepsin, 443 
phosphates, 435 
■protein HC1, 435 
starch, detection of, 439, 444 
test-meals for, 420-422 
total acidity, definition of, 434 
estimation of, 439-440 
trypsin, 481-482 
value of, 433-434 
carcinoma See Carcinoma 
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Gastric contents, bilirubin, 244, 426, 429, 
433, 437-438 
blood 426,429,438-439 
cells, 428, 443 
dextrin, 420 

methods of clearing, 435-436 
microscopical examination, 443-444 
removal of, 423-424 
saliva, 423 436, 443 
trypsin, 271, 425 481-482 
tubes for removal of 422 
diseases, examination of gastric 
contents, 420-445 
treatment of controlled by fractional 
test meals, 431, 434 
residuum, 424-426 
bUe, 426 
blood, 426 

composition of normal, 425 
free HC1, 425 
freezing point, 425 
in carcinoma of stomach, 426 
lactic acid 425 

microscopical examination, 425, 443 

mucus, 426 

normal, 425 

pepsin, 425 

removal of, 424 

specific gravity, 425 

starch 426 

total acidity, 425 

trypsin 425 

value of, 425, 433 

volume, 425 

ulcer, alkalosis due to alkali, 192 
blood in gastnc contents, 426 
Ewald meal results, 427, 428 
fractional free HO, 431 
gastnc residuum, 426 
occult blood in faeces, 420, 474 
Gastritis, Ewald meal results, 427, 428 
fractional free HCI, 431 
Gastro-cohc fistula, bulky stools, 273 
Gastro-cntentis, blood sodium, 378 
blood urea, 83 
faecal fats, 464 
lactosnna in infantile, 116 
Gasbo-enterostomy, and lag glycosuria, 

G astro-intestinal diseases, basal 
metabolism, 487 

Gastroptosis, fractional free HCI, 43! 
Gaucher’s disease, 508-509 
Gelatin, molecular weight of, 27 
test for trypsin, 481-482 
General paralysis, albumin globulin ratio 
of spinal fluid, 400 
composition of spinal fluid, 396 
Lange’s test, 404 
Gerhardt’s test, 17, 175-176 
sensitivity of, 175 


German measles, diazo test in urine, 284 
Gigantism, blood sugar, 131 
Glass-pncker, preparation of, 303 
Glassware, cleaning of, 631 
Glohm-hosmochromogen, nature of, 31 C, 
317 

Globulin, molecular weight of, 27 
Globulins, in blood See Blood 
in cerebrospinal fluid, 393, 394 393, 
400-401, 407 
in urine See Urine 
Glucose See Urine glucose, glycosuria, 
blood sugar, etc 
and insulin treatment, 150-160 
tolerance test, 124-126 
the original, 249 

Glutathione, in blood See Blood 
Glycerol, as lubricant for stomach tubes, 
423 

Glycine, conjugated with benzoic acid 
See Hippuric acid 

conjugated with salicylic acid See 
Salicyluric acid 
ingestion of, 253 

Glycogen-accumulation disease, 138 
Glycogen esis, 249 

Glycogenic function, blood sugar curves, 
130 

of liver, 249 

Glycogenolysis, 249 ' 

Glycolysis in blood, prevention of, 310 
Glycosuria See also Unne 
“ afternoon, ’ 128 
alimentary, 115 
causes of, 115 

collection of unne m cases of, 292, 500 
“ hunger," 132 

m pregnancy See Pregnancy 
intermittent, 115 
“lag,” 115, 134 
pancreatic, 266, 268, 275 
renal See Renal 
* vagabond’s,” 132 

Glycnrooic acid and glycuronates See 
Unne 

Gmelin’s test, 18, 438 459 
Goitre, basal metabolism, 4 86-1 8 S 
Gold sol, preparation of, 410 
Gonorrhoea, and proteinuria. 31 
Gout, action of drugs in, 386 
blood cholesterol 3-18 
one acid, 100, 385 
nitrogen partition of blood, 354 
tophi, 609 
Gravel, 59, 65 
Gregerson’s slide test, 477 
Gruel test meal, 421 
Gnaiacol. test of liver function, 255 
Guaiacum ra urine, 228 
reaction, m fawea, 474 
in unne, 17 
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Guanidine poisoning, tetany and blood 
calcium, 337 
Gunzburg’s reagent, 519 
test, 437 

Gynaecological diseases, basal 
metabolism, 487 


Heematemesis, blood urea, 384 
Hae matin, 316, 317 
acid and alkaline, spectra of, 215 
formula of, 316 
rn fasces, 478, 47S, 476 
in gastric contents, 439 
reduced, formula of, 316 
nature of, 316, 317 
Hie matin as tma, 327-328 
Hmmatochylona, 285 
Hmmatoidin, 56 

Hasmatoporphyrrn, 316 See also 
Porpbynnuna, Protoporphyrin, 

TJ roporporphyrin 

Haimatuna, 211-212 See also Urine, 
blood 

accidental and true, 211 
grades of, 211 

necessarily accompanied by 
proteinuria, 14, 207 
tests for, 17, 211-212 
Hmmin,3I6, 317 
formula of, 316 

“Hmmobdirubin,” 237, 238, 245-24<j 
threshold for, 246, 248 
Exznocbromatosis, 509-511 
HEemoebromogen, nature of, 316, 317 
spectrum of, 2 12 
test for blood, in feces, 478 
in gastric contents, 439 
in stains, 507-508 
Haemoclasic crisis, 255 
Hffimocoma, 248 

Hcemocyamn, molecular weight of, 27 
Hcemofuscin, 510 

Hsemoglobm, and derivatives, absolution 
spectra of, 212 
classification of, 317 
in feces, 475 

in gastric contents, 438-439 
m unne, 207-216 
relationships of, 316, 317 
relative intensities of absorption 
bands, 212 

wavelengths of absorption "bands of, 
315 

calculated from oxygen combining 
power, 358 

determinations, blood volume and, 389 
molecular weight of, 27 
of normal blood, 334 
oxygen saturation and nnsaturation of, 
358. 359 


! Hsemoglobm, reduced, in blood, 317 
I nature of, 316, 317 
spectrum of, 212 
I HremoglobiDEemia, 317 
Heemoglobm-carbamino compounds, 343 
! Heemoglobinuna, 212-213 
and proteinuria, 14, 27, 207 
false, 213 
testa for, 17, 213 
Haemolysis, »n vtlro, 313, 317 
prevention of, 260, 310 
tn nr 0 , and bdirubmuna, 235, 247 
and urofiifinuna, 23<>, 237, 247 
Haemophilia, blood calcium, 338 
Hsmosidenn, 510 

Hagedom and Jensen’s method for 
blood sugar, 139-142 
applied to spinal fluid, 409 
Hartndge's reversion spectroscope See 
Spectroscope 

Hay’s test, 18, 239-240, 449 
drugs affecting, 240 
Head-mjnnes See Skull 
Health, analyses in See under the 
“ normal ” for each analysis 
Heart diseases, basal metabolism, 487 
blood chlorides, 344 
cholesterol, 349 
oxygen, 360, 361 
urea, 83, 383 
urea clearance test, 91 
urinary colour, 219 
failure, alkalemia in, 195 
alkalosis in, 195 
lactic acid acidosis, 190 
proteinuria m, 32 
with pulmonary disease, acidosis 
in, 195 

Heel, collection of blood from, 305 
Heller’s test, 23 
Helman's lest, 224 

Helminthiasis, Charcot- Leyden crystals 
in feces, 457 

Hepatectomy, and bleeding after the 
operation, 256 
and blood urio acid, 253 
and conjugation of phenol, 255 
and hypoglycemia, 250 
Hepatic See Liver 

Hepatitis, toxic, levulose tolerance test, 
250, 251 

stercobilin m feces, 244 
Herbert and Bourne’s method for true 
glucose of blood, 147-24S 
Hernia, unne in discharge after operation 
for, 513 

Herpes zoster, composition of spinal 
fluid, 396 

Hexyl-resorcinol, and Hay’s test, 240 
High altitudes, alkalosis at, 187, 195 
anoxaemia at, 360 
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Hippunc acid, in unr.e, 67, 294 
synthesis of, 69, 101 
Histamine, and blood pressure, 421 
and gastric analysis, 421, 430 
dose of, 421 
test-meal, 421-422 

Holt, Courtney and Falea’ method for 
fascal fat, 464-468 

HomogentisiC acid See Alkaptonuria 
Hoobler metabolism bed, 498 
Hot baths, and alkalosis, 195 
and ketosis, 195 
Hunter’s diazo test, 19, 64 
Hydatid cyst, 411 
Hydrasmia, blood volume, 389 
Hydncmic plethora, 389 
Hydros ffistivale, 215, 2X6, 476 
Hydrobilirubin and hydrobihrubinogen, 
237,233 

Hydroccele fluid, 411 
Hydrogen ion concentration, 180-181 
See also pH, reaction 
of normal blood, 334 
urine See Unne reaction, 
sulphide, 323 
Hydronephrosis, 333 

P-Hydroxyhutyric acid, 173 See also 
Acetone bodies 

bactericidal agent in ketogemc diet, 
297 

formula of, 173 
/3-Hydroxy crotomc acid, 173 
Hyperbilirubinemia, 245-246 
Hyperchlorhydna, definition of, 430, 
434 

Hyperglycemia, pancreatic, 268, 275 
in old age, 137 
Bme glycosuria, 138-137, 158 
and kidney diseases, 101 
Hypennsuhmsm, 131 
Hyperol-Benzidme test, in unne, 18 
Hyperpies ia, basal metabolism, 487 
Hyperpiesis, blood chlondes, 345 
urea tests, 103 

Hyperpituitarism, basal metabolism, 489 
blood sugar, 131, 136 
Hyperpncea, alkalosis in, 187, 195 
blood calcium m, 337 
tetany in, 1B8, 337 
Hypertension, basal metabolism, 487 
blood chlondes, 345 
urea, 103 

Hyperthyroidism, basal metabolism, 
486-488, 489 
blood phosphatase, 363 
blood sugar, 131, 136 
fractional free HC1, 431 
Loewi’s test, 268 

Hypoadrenalism. See Addison’s 
disease 

HypobHirubinEenua, 244 


Hypohronute method for blood urea, 76 
for unne urea, 71-74 

Hypochlorhydna, definition of, 430, 434 

Hypoglycsemia, 131, 169, 160, 168, 169 
and cerebrospinal fluid sugar, 401-402 
in children, 162 
in liver diseases, 250 
level of, 169 

Hypopituitarism, basal metabolism, 487, 
489 

blood sugar, 131 

Hypothyroidism, basal metabolism, 
486-488, 489 
blood sugar, 131 

Hystena, overbreathing alkalosis, 187 


Ichthyosis, basal metabolism, 4S9 
Icterus index, interpretation, 244 
technique of, 259-261 
Ileocolitis, fat metabolism, 503 
Inborn errors ol metabolism, 
alkaptonuria, 118-120 
congenital steatorrhcea, 273, 464, 
502 

cystmnria, 52-54, 59 
hemochromatosis, 609-511 
pentosuna, 117 
porphynnnna, congenital, 
215-216 
xanthinuria, 59 

Index of acid excretion, 203, 206 
Indican, formula of, 281 
glucoside, 281 
m blood, 96-98, 334 
in unne See Unne 
not the cause of Ehrlich’s diazo test 
on unne, 284 
urinary, so called, 281 
Indicators, definition of, 182-183 
for unnary pH, 296 
internal and external, 182-183 
table of, 620 

Indigo blue, formula of, 56 
m unne, 229 
deposit of, 50 
illustration of, 67 
spectrum of, 220 

Indigo-carmine, as test of kidney 
function, 91 
in unne, 229 
Indigo-red, 2S3 
Indirabin, 283 

Indole, and liver efficiency, 255 
formed from tryptophan, 2S1 
m feces, 281 

Indolence tic acid, chromogen of 

nrorosem, 220, 283 

ladole^acetunc acid, chromogen of 
urorosein, 283 
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Indoxyl glycuronate, 67, 117, 255, 282, 
sulphate, 66, 255, 281 See also Unne 
lndicatu 

tests for, 20, 282 

Infantile diarrhtea, blood urea, 384 
volume, 380 

paralysis, composition of cerebrospinal 
fluid, 398 

Infants, analyses of mother’s milk for 
413 

basal metabolism, 489 
blood bilirubin, 244 
phosphate, 364, 365 
blood sugar, 126 
blood urea, 83, 95 
unc acid, 100 
volume, 389 

collection of blood from, 304-305, 
306-307 

faecal bilirubin 459 
fats, normal, 462-463, 502 
pathological, 464 
faeces, 454, 458, 45 9 
fat metabolism, 502-503 
gastric analysis m, 421 
green stools, 460 
mdicanuna m healthy, 282 
lactosuna, 116 

meconium, biliverdin in, 243, 459 
metabolism experiments, 498 
pH of faeces, 480 
protein in faeces, 479 
sclerema in, 511 
Bore buttocks, 614 
tetany and blood calcium, 337 
urinary colour, and sucking toys, etc , i 
221 

vrmary creatine, 294 
Infections, blood fibrin, 369 
blood sugar, 126, 136, 161 
glycosuria, 116 
prontosil treatment, 228 
Influenza, alkalosis m, 195 
composition dI spinal fluid, 395 
mtnc-oxide hsemoglobinaemia, 323 
Influenzal meningitis, composition of 
spinal fluid, 394 

Insulin, action on blood cholesterol, 349, 
512 

action on blood phosphate, 36Q 
sugar, 131, 163-171 
on cerebrospinal sugar, 401 
on ketosis, 190 

and alkaline treatment, 190, 192 
and difference between capillary and 
venous blood sugar, 130 
and exercise, 131 
and glucose treatment, 159-160 
glucose value of, 154, 159 
m diabetic children, 163 
coma, 169-160, 161 


Insulin, in diabetes with infections or 
sepsis, 161-162 
in mild diabetes, 164 
in moderately severe diabetes, 154-157 
in potential diabetes, 162 
m pregnant diabetics, 161 
m Bevere diabetes, 158-159 
in xanthomatosis, 349, 512 
protamine, 170-171 
suspension, 170-171 
treatment, control of, 162-171 
zme protamine, 170 171 
Intestinal decomposition, 281-282 
diseases, fat metabolism, 602-503 
indigestion, fecal fats, 464 
fat metabolism, 602, 603 
obstruction, alkalosis in, 194-195 
blood chlorides 194-195,344 
urea, 194, 384 
blood sodium, 378 
sand, 65 

stasis, mdicanuna m, 281, 282 
methsemoglobimcmia, 324 
sulphasmoglobinremia, 324 
urobilinuna in, 237, 239 
ulceration, mdicanuna in, 282 
occult blood in feces, 474 
Intestine, carcinoma of, occult blood in 
feces, 474 

Iodides, and mdicanuna, 282 
in urine, 230-231, 282 
Iodine treatment of goitre, basal 
metabolism, 486, 489 
test for bilirubin in gastric contents, 
438 

in urine, 18 

value, of subcutaneous fat, 611 
lodism, 230 

Iodoform crystals in urine, 63 
Iron, content of organs, 510 
histochemical test for, 509-510 
m gallstones, 63 
“ masked,” 610 
znetabohszn, 5W, 509-511 
Isatin, 283 

Isochlorhydna, definition of, 434 
Isotonic saline, 4 


Jafte’s test, 20, 282 
Jaundice See also Subicterus 
blood calcium 256, 338 
blood phosphatase, 362-363 
cerebrospinal fluid bilirubin, 391, 400 
colour of plasma or serum, 313 
duodenal contents, 451 
theory of, 246-246 
post-operative hxraorrbage, 255 
acholuric, bilirubin and urobilin m 
blood unne and faeces m, 247 
bilirubin in feces, 243 
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Jaundice, acholuric, urobihnaenua, 328 
Van den Bergh’s teat in, 245, 247 
catarrhal, bilirubin and bile salts in 
urine, 239 
blood bile salts, 248 
lipase, 254 

dissociated jaundice in, 239 
duodenal contents, 450, 451 
galactose tolerance test, 252 
fevulose tolerance teat, 250 
stercobilin m feces, 244 
Van den Bergh’s test in, 245 
dissociated, 239 
false, due to picric acid, 313 
hmmolytic, bilirubin and urobilin in 
blood urine and feces in, 247 
blood phosphatase, 363 
colour of feces 247, 254 
dissociated jaundice in, 239 
duodenal contents, 451 
fascal bilirubin 459 
fat in feces, 254 

Van den Bergh’a test in, 245*248 
latent, icterus index in, 244 
obstructive See also Bile-passages 
blood cholesterol, 249 
phosphatase, 363 
colour of faeces, 247, 254 
duodenal fluid, 451 
fat in feces, 254 
galactose tolerance teat, 252 
hemorrhage in, 256 
laevulose tolerance teat, 2oQ 
steatorrhoea 254 
stercobilin in fseces, 243 
Van den Bergh’s test in, 245-248 
salvanan, bile-salts m urine, 239 
toxic, blood phosphatase, 363 
galactose tolerance test, 252 
Itevulose tolerance test, 250, 251 
Van den Bergh’s test in, 245 
Jena glass filter crucible, 381 
Jolles’ test, 282-283 
in blood, 98 


Kala-azar, aldehyde reaction, 329 
formol gel test, 329 
green scruni in, 313 
plasma globulin increased, 369 
proteins, 329, 369 
KSmmerer’a porphyrin, 316 
Kastle-Meyer reagent, 622 
Kathoemoglobin, nature of, 316 
Katharometer, 480 
KephaTin, in blood, 304 
gerasin, 609 
Ketogenesu, 177 

Ketogemc diet, in unnary infections, 
297 


Ketonmroia, definition of, 173. See 
Blood acetone bodies 
Ketonuna, definition of, 173 See 
TJnne acetone bodies 
Ketosis, 172-178, 196-197 
accompanying alkalosis, 104, 195, 196 
after operations, 178 
and acid base balance, 196 
and reaction of urine, 172 
caused by alkali, 194 
definition of, 173 
due to vomiting, 178 
in children, 178 
in diabetes, 149-170, 177 
in fevers, 196 
in hot bath lever, 195 
in starvation, 178 
non-diabetic, 178, 190 
previous diet and, 178 
treatment with alkalies, 174 
Kidney diseases, acidosis in, 04, 187 
190-191 

alkali reserve, 94 
basal metabolism, 487, 489 
blood calcium, 96, 190 
chlorides, 93, 94 344,345 
cholesterol 95, 348, 349 
creatinine, 100 
indican, 96-98 
NPN,99 
phosphate, 101, 365 
sugar, 101, 130, 133, 137 
urea 95,383,384 
uric acid, 100, 385 
cerebrospinal fluid chlorides, 402 
sugar, 130, 401 
urea, 402 

composition of spinal fluid, 398 
diastase tests, 100, 269 
dye tests, 91-03 

function tests, selection and value 
of, 102-101 

indigo carmine test, 91 
phenol red test, 92 
plasma proteins, 00, 370 
proteinuria and, 32 
invariably present in, 08 
urea clearance test, 91 
urea concentration factor, 98 
concentration teat, 74 
unnary ammonia, 191 
chlorides, 93 
creatinine, 100 
sugar, 101 
functions, 69 
function tests, 67-105 
conditions of, G9 
general discussion of, 07-70 
in intermittent proteinuria, 31 
objects of, 68 
selection of, 102-104 
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Kidney function teats, unnecessary when 
proteinuria absent, 68, 70 
value of, 303-104 

removal of, and kidney function 
tests, 67 

and urea concentration test, 76 
reserve power of, 67, 76 
synthesis, 69, 101, 117, 231 
Kjeldahl micro method Set Micro- 
Kjeldahi 


Lactalbumin, 417 • ! 

Lactation, blood phosphate and, 364 
lactosunain, 116 

variations m composition of human 
sulk dunng, 414-416 
Lactic acid, acidosis, 100 
of blood, 195, 335 
of gastric contents, 426, 437 
Lactoglobulm, 417 
Lactose, excretion of, 101 
m milk See Milk 
in unne, 109, 111, 116 
Lmvulose (fructose), absorption of, 251 
dose of, 250 
m blood, 251 
in urine, 109, 116 
teat for, IIG 
threshold for, 250 
tolerance test, 250-251 
Landry’s paralysis, composition of spinal 
fluid, 397 

From’s syndrome, 403 
Lange’s test, 403-401 
technique of, 410-411 
Laparotomy wounds, dia9taso in 
discharges from, 614 
recognition of urine in discharges 
from, 613 

test for trypsin m discharges from, 
481-482, 614 

Laryngeal obstruction, acidosis in, 192 
Lateral sinus thrombosis, composition of 
spinal fluid, 395 
Lead, 1U urine 232-233 
In feces, 232, 233 
normally in excreta, 232, 233 
poisoning, 232-233 
and proteinuria, 32 
bile- salts in urine, 239 
blood urea, 383 
cerebrospinal fluid tests, 397 
colour of unne, 220 
lai vuloso tolerance test 251 
Legal’s test, 176, 224 
Leprosy, formol gel test, 329 
Leucine, formula of, 65 
in urine, 65 

identification of crystals, 65 
illustration of, 55 


Leucocytes, 48 

Leukaemia, basal metabolism, 487, 489 
blood urio acid, 385 
myelogenous, Charcot Leyden crystals 
in spleen, 458 
nature of crystals, 458 
separation of crystals, 458 
tyrosinuna, 54 

Life insurance, and glycosuria, 115, 151 
and proteinuria, 29 
Liptenua, 260, 312, 509 
definition of, 312 
physiological, 312 
Lipase, in blood, 254 
in duodenal fluid, 273, 449, 451 
in faeces, 273 
in gastric contents, 273 
in urine, 273 

Lipochromes, in blood, 313 
in xanthoma, 612 
Upoid-globnlin See Eu globulin 
Lipoid histiocytosis, 509 
Lipuna, 285-286 

Liquid paraffin, as lubricant, for 
stomach tubes, 423 
for syringes, 306, 308 
in faeces, 456, 461 
estimation of, 468-469 
Lithuna, 44, 49 

Liver, acute yellow atrophy of, blood 
lipase, 254 
blood uric acid, 253 
leucine and tyrosine in unne, 
54,65 

as an excretoiy path, 256 
bile, composition of, 243 
cirrhosis of, blood m gastric contents, 
426 

in hemochromatosis 610 
occult blood in fajccs, 474 
tyrosinuna, 54 

diseases, bile and urobilin in blood, 
unne and feces, 247 
bile salts in unne, 235-240 
bilirubmuna, 235, 247 
bleeding time, 256 
blood amino- acid nitrogen, 253 
calcium, 256 
fibnn, 256, 360 
lipase, 254 

nitrogen partition of, 253 
blood sugar in, 130, 136 
blood urea, 253 
curves, 253 
unc acid, 253 

bromsulphalein test, 257-258 
coagulation tune of blood, 256 
duodenal contents, 451 
dye tests, 257, 258 
ethereal sulphates in unne after 
camphor, thymol, etc , 255 
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Liver diseases, galactose tolerance test, 
252 

glucose tolerance teat, 249 
glycosuria in, 115, 249 
hasraoclasic crisis, 255 
haemorrhage in, 255 
hypoglyesemia in, 250 
increase of urinary pigments, 220 
wdicanuna, 255 
after indole, 255 
larvulose tolerance test, 250-251 
bevulosuna (frnctosuna), 116 
phenoltetxachlorphthalein test, 257 
urine, amino acid nitrogen, 253 
nitrogen partition of, 253 
urea, 253 

urobilmuna, 236, 237 
Van den Bergh’s test in, 245-248 
functions of, 242 
function tests, 241 265 
antitoxic power, 255 
carbohydrate metabolism, 249- 
253 

clinical value of, 259-259 
excretion of foreign substances, 
256-258 

fat metabolism, 253-254 
formation and excretion of bile, 
242-249 

general discussion of, 241-242 
haunopoietic functions, 265-256 
protein metabolism 253 
summary of, 258-259 
melanotic sarcoma, melanogenuna, 
221 

Loewi’s test, 268 

Logarithms and anti logarithms, 
645-548 

Lovibond comparator, illustration of, 36, 
206 

in biuret method for proteins, 
35-38 375-377, 406-407, 411, 419 
in determination of carboxy- 
hannoglobin in blood, 319-320 
m determination of urinary pR, 
205-296 

m Van den Bergh's test, 264 

Lugol’s iodine solution, 521 

Lumbar puncture, 391-392 
needle, 392 

Lung diseases, acidscmia in, 192 
acidosis m, 192 
alveolar CO, 192 
anoxemia in, 360 
blood oxygen, 360, 361 
gangrene of, mdicantma in, 231 

L tings, ttdema of, acidosis in, 192 
blood oxygen, 360 
urea, 3S3 
volume 389 

water lost daily from, 499 


Lyon’s bile fractions, 440, 447, 449 
test, 446, 447, 449 
tube, 304, 308 
Lysol, 227 
poisoning, 226-227 
urinary tests, 227 


mst, definition of, 211 
Magnesium metabolism, 604, 505 
sulphate aa cholagogue, 446, 447 
Malaria, formol gel test, 329 
bEematuueima, 327 

Mahgnant disease, basal metabolism, 487 
Malnutrition, plasma proteins, 370 
Maltosuns, 108 
Mandehc acid, 297 
dose of, 297 
formula of, 297 

treatment of urinary infections, 297 
Markers for fceces, 453 
Marrow. See Bone marrow 
Measles, diazo test in nnne, 284 
Meconium, biliveidin in, 243, 459 
colour of, 459 
porphynn in, 459 
Melaena, 459, 473 
blood urea, 384 

Melanin, from carbobc acid, 226 
from homogentiaic acid, 1J8 
from melanogen, 221 
m skin, 510 

Melanogen, nature of, 223 
Melanogenurla and melanum 221-225 
compared with alkaptonuria, 222 
indicanuna mistaken for, 282 
teats for, 223-225 
Melanotic Barcoma, 221 
Meningeal haemorrhage, composition of 
spmal fluid, 396 
yellow spinal fluid, 400 
Meningitis, albumin globulin ratio of 
spinal fluid, 400 
blood sugar, 130 
cerebrospinal sugar, 394-101 
chlorides, 402 

composition of spinal fluid, 394 
Froin’a syndrome, 403 
glycosuria, 115, 159 
ketonnm, 159 
Lange’s test, 404 

pressure of spmal fluid, 399 , 

yellow spinal fluid, 400 
Meningococcal meningitis, composition 
of spinal fluid, 394 

Mental diseases, basal metabolism, 487 
Menthol, excretion as glycuronate, 117 
test of liver efficiency, 255 
Mercury, cleaning of, 529-530 

apparatus for, illustrations of, 629, 
530 
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Mercury, perchlonde, as preservative of 
urine, 293 

poisoning, blood c blondes, 344 
blood urea, 383 

composition of spinal fluid, 

397 

proteinuria and, 32 
treatment, and proteinuria, 32 
weight of 1 co at different 
temperatures, 632 
Mesoporphynn, 316 
Mesirezat’s method, 405-406 
Metabolic primary alkali deficit, 187 
excess, 187 

Metabolism, basal, 483-496 See Basal 
metabolism 
bed, 498 

experiments, 497-505 
example of, 505 
general considerations, 497-498 
in children and infants, 498 
in females, 498 
fasting, 498 
intermediate, 498 
meaning of, 483-484 
minimum, 484 
of calcium, 504, 505 
of carbohydrates, 500-501 
of chlorine, 93, 604 
oUsts, 502-503 
of iron, 604, 609-511 
of magnesium, 604, 505 
of nitrogen, 501, 505 
of phosphorus, 604, 505 
of potassium, 504 
of protein, 601-602 
of salts, 504, 505 
of sodium, 604 
of sulphur, 602, 605 
of water, 498-500 
periods, 497-198, 500, 602 
positive and negative balance, 498 
standard, 484 
Mefaprofein, 23 
Methaemoglobin, alkaline, 213 
note on spectrum of, 214 
spectrum of, 212 
identification by reversion 
spectroscope, 326-327 
nature of, 316, 317 
spectrum of, 212 
Methsemoglobintemut, 323-327 
anoxaemia in, 3G0 
causes of, 324 
clinical signs in, 325 
differentiation from 
sulpbiEmoglobinamia, 320-327 

drugs responsible for, 324 

hypothesis of, 323 

intracorpuscular and 

extracorpuscular, 324, 325 


Methtemoglobinasmia, 6pectroscopic 
examination of blood in tiro, 314 
tests for, 320-327 
Methsemoglobmuria, 213-214 
false, 213 

Methyl-acetanilide, and 
Bulphtemoglobmtemia, 324 
Methylene blue, as indicator, 76, 79 

as test of kidney and of liver 
function, 229 
in urine, 228-229 
chromogen of, 228 
spectrum of, 220 
tests for, 228-229 

Metric system, relationship of imperial 
to, 639 

Metrochylorrhcea, 285 
Meulengiacht’s test, interpretation, 244 
technique of, 259-261 
Micro-Kjeldahl apparatus, illustration 
of, 355 

method for N P N of blood, 354-357 
for plasma proteins, 370-375 
Microscope, focussing condenser, 7, 49 
pointer for eye-piece, 8 
polarising, 8 

Microscopical examination of 

cerebrospinal fluid, 394-398 
of duodenal fluid, 450 
of Iseces, 273-274, 455-458 
of gastric contents, 425, 429, 
443-444 
of urrnc, 45-68 

Migraine, basal metabolism, 487 
Milk, 413-419 
ash, estimation of, 417 
buffer action of, and gastric analysis, 
421 

difference between human and Cow's, 
416-417 

fat, estimation of, 417-418 
lactose, estimation of, 418-419 
nitrogen, estimation of, 419 
pasteurisation of, phosphatase test, 
417 

protein, estimation of, 419 
sobds, estimation of, 417 
cow’s, ash, 416 
calcium, 416 
calorific value, 416 
caseinogcn, 416, 417 
composition of, 410-417 
dilution of, 417 
fat, 416 

lactalbumm, 416, 417 
l&ctoglobuhn, 417 
lactose, 410 
pH, 416 
protein, 410 * 
reaction, 13, 416 
salts, 410 
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Milk, cow’s, sobds, 416 
specific gravity, 416 
human, ash, 414, 416 
calcium, 416 
calorific value, 416 
caseinogen, 416, 417 
collection of, 413 
composition of. 414-417 
fat, 414, 415, 416 
Jactalbumm, 416, 417 
lactoglobulin, 417 
lactose, 414, 415, 416 
nitrogen, 416 
pH, 416 

protein, 414, 415, 416 
reaction, 416 
salts, 416 
sobds, 416 
specific gravity, 416 
variations in composition of dunng 
lactation, 414—416 
Milhequivalents per litre, 536 
Milbmols per litre, 535 
Mineral metabobsm, 604 
Miner’s cramp, blood sodium, 378 
Molybdate test, for phosphates, 61 
Moribund patients, cerebrospinal urea, 
402 

urea tests on, 83, 102 
Morphine, excretion as glycuronate, 117 
poisoning and respiratory acidosis, 187 
Mosenthal’s teat, 101 
Mucus, in bile, 243 
in calcuh, 68 
in enteroliths, 65 
in fjeces, 471-472 
in gallstones, 63 

m gastnc contents See Gastric 
analysis 
la tartar, 65 
in unne, 26, 27, 38-40 
deposit of, 48 

separation from albumin and 
globnhns, 39 

Mumps, composition of epical fluid, 395 
meningitis, composition of spinal 
fluid, 394 
Morexide teat, 61 
Muscle fibres, in faeces, 271-272 
illustration of, 272 
stages in digestion of, 272 
in gastnc contents, 438, 444 
tone, blood phosphate and, 385 
Myelin kidney, casts from, 46 
Myelomatosis, multiple, Bence Jones’ 
proteinuna in, 28 
blood calcium, 338 
plasma, globulin tai"*d, 370 
plasma proteins, 369-370 
Myers and Warden’s method for blood 
cholesterol, 349-352 


Myxcedema, basal metabolism, 488 
blood sugar, 131 
thyroxine treatment, 487 


Naphlhol, excretion as glycuronate, 117 
Needle, tube for, 305, 306, 392 
Neotropm, 228 
Nephelometer, 12 

Nephritis. See also Kidney diseases and 
Nephrosis 
ocidmmia in, 191 
acidosis in, 190 
“ albumimina,” 26, 32 
albumin globubn ratio in unne, 26 
basal metabobsm, 489 
blood calcium, 96 
cblondes, 93, 94, 344, 345 
cholesterol, 95, 96, 348, 349 
fibrin, 369 
N P N , 99 
phosphate, 101, 365 
urea, 95, 102, 383 
volume, 389 

blood sugar, 101, 130, 137 
composition of spinal fluid, 398 
nitrogen, partition of blood, 351 
plasma proteins, 96, 370 
protein precipitated by cold acetic 
acid, 28 
proteinuna, 32 
salt restriction in, 94, 344 
surface tension of nrme lowered, 240 
tetany in, 96 
urinary cblondes, 94, 2S8 
acute, blood cholesterol, 95 
urea, 95, 102, 383 
azotmmic, acidosis in, 190 
blood calcium, 96, 337 
cholesterol, 95 
phosphate, 101, 365 
urea, 95 
line acid, 100 

chronic, blood cholesterol, 95 
phosphate. 101, 365 
urea, 95, 103 
unc acid, 100, 385 
colour of unne, 219 
hpuna, 286 
plasma proteins, 96 
proteinuna, 32 
specific gravity of unne, 219 
fixation of, 292 

hemorrhagic, blood cholesterol, 95 
urea, 95 

hyinemic. Nee also Nephrosis 
blood chlondes, 04, 3-14 
cholesterol, 05 103,318,349 
nrea, 95, 103 
plasma proteins, 96, 370 
urea concentration test, 75 
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Nephrosis, albumin globulin ratio m 
urine, 26 

basal metabolism, 489 
blood calcium, 96 
chlorides, 94, 344 
cholesterol, 93, 96, 348, 349 
blood urea, 95, 3S3 
insulins c twin mhjpenboieslervlvmia, 
612 

li premia, 312 

lipoid globulin in urine, 28, 95 
plasma proteins, 9G, 370 
proteinuria, 32 
urea concentration test, 75 
Nervous exhaustion, basal metabolism, 
487 

Nesslerisabon, 80-82 
Nessler’s reagent, 621-622 
Neurasthenia, basal metabolism, 487 
fractional free IIC1, 431 
Neuritis, composition of spinal fluid, 397 1 
Niemann’s disease, 508-609 
Nitric acid test, in bilirubinuna, 18 
in proteinuria, lo, 23 
Nitric-oxide haemoglobin, nature of, 317 
reactions of, 323 
wave leDgths of bands of, 316 
hmmoglobuuemia, 323 
Nitrites, and roethaemoglobinamia, 324 
Nitntuna, 286 

Nitrobenzene poisoning and 
mcffimmogfoftm'etma, 324 
Nitrogen, calculation of intake of, 501 
metabolism, 601, 505 
Nitrophenol poisoning and 
methremoglobinremm, 324 
Nitroprusside reaction, for acetone and 
acetoacetic acid See Rothera’s 
test and Legal a test 
for creatinine, 224 
for melanogen, 221, 223-224 
Nitroso-bacillus, 324 
Nonne-Apelt reaction, <07 
Non-protein nitrogen, of blood See 
Blood 

“ Normal ” saline, 4 
Normal range of analyses, 2 
of blood analyses, 331 
solutions, 3-6 

Nose, escape of cerebrospinal fluid from, 
615 

Nose and throat, diseases of, 
cerebrospinal chlorides, 402 
composition of Spinal fluid, 394 
Nucleic acid, in blood, 394 
Ataa\ vffffatemsnUt 27 
Nylander’s reagent, 52S> 
test, 16, 108 

Oatmeal gruel test meitf, 421 
Oberaayer’s reagent, 522 


Obermayer’s teat, 20, 282 
in blood, 98 

Obesity, basal metabolism, 487, 489 
blood sugar curve, 136, 137 
blood volume, 389 
hyperglyciemia sine glyoosuna, 137 
Obstetric cases, and renal efficiency tests, 
1M 

Occult blood, in faces Nee Fiecc3 
Ochronosis, 120, 226 
(Edema, measurement of, 499 
urinary chlorides in presence of, 288 
(Edema fluid, urea in, 75 
nephritic, 94, 06 
blood chlorides, 93 
cholesterol, 95, 96, 348, 349 
urea, 103 
volume, 389 

plasma proteins, 96, 370 
critical level of, 96 
salt tests, 91 
urea treatment, 103 
nutritional, plasma proteins, 370 
pulmonary. See Lungs 
(Esophageal tube, 422 
(Esophagus, carcinoma of, 426 
Ooporphynn, 316 
Orthoglyctemic glycosuna, 133 
Osazones, 109, 110, 111 
from normal urine, 109 
illustration of crystals of, 114 
preparation of, 114 
Ossification, blood phosphate and, 364 
Osteitis, deformans, blood phosphatase, 
363 

fibrosa, generalised, blood calcium, 338 
blood phosphatase, 363 
blood phosphate, 365 
calcium and phosphorus 
metabolism, 594 

Osteomalacia, blood calcium, 337 
blood phosphatase, 363 
blood phosphate, 365 
Osteomyelitis, blood phosphatase, 363 
Ovarian cyst, 411 
Overbreathing See Hypeipnma 
Oxalnna, 51 See also Calcium oxalate 
and Urine. 

in pancreatic diseases, 276 
^-Oxybnfync add, 173 Bte tdso 
Acetone bodies 
Oxygen, calorific value of, 485 
consumption, 485 
age correction 492 
reduction to S T P , 491 
standard, 495-498 
saturation of hemoglobin, 358 
therapy, and blood oxygen, 361 
unsaturation of hasmoglobm 359 
want, alLalccmis due to, 187, 195 
alkalosis due to, 187, 195 
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Oxyhaemoglobin, nature of, 316, 317 
spectrum of, 212 

Oxyhemoglobin-hemoglobin change, 
188 

Oxyhyperglyciemic glycosuria, 134 
Oxysantonm, 266 


Pancreas, cirrhosis of, 609, 610 
functions of, 267 

internal secretion of, and hlood sugar, 
131 

trauma of, diastase in unne, 270 
table of results of tests, 275 
tumour of, causing hypoglycemia, 131 
diastase in unne, 270 
table of results of tests, 275 
Pancreatic calculi, 65 
diabetes, 267 

diseases, alveolar CO* curve, 276 
ash of feces, 276 
blood sugar curve, 268 
bulky stools, 273 
creatorrhcea, 272, 275 
diastase testa, 269-270, 275 
duodenal contents, 450, 451 
fat in faeces, 273 274,275 
glycosuna, 266, 268, 275 
hyperglycemia, 268, 275 
indicanuna, 276 
levulose tolerance test, 250, 251 
lipase tests, 273, 275 
Loewi’s test, 268, 275 
microscopical examination of feces, 
273-274 

nitrogen m feces, 271 
occult blood in feces, 276 
oxaluna, 27G 

Sahb’s glutoid capsule test, 274 
Schmidt’s beef cube test, 27fi 
starch in feces, 271 
steatorrhcea, 273, 275 
trypsin tests, 271, 275 
undigested muscle fibres in feces 
271-272 

Wmtermtz's sajodin test, 275 
duct, infection of, protein in duodenal 
fluid, 449 

obstruction of, table of results of 
tests, 276 

efficiency tests, 26G-2S0 

cluneal value of, 276-277 
general discussion of, 266 
in diabetes melbtU3, 266-267 
summary of, 276 

islets, new growths of, hypoglycsemia, 
131 

results of pancreatic efficiency 
tests, 275 

Juice, in discharges 614 
regurgitation of, 429 


Pancreatitis, acnie, diastase m urine, 270 
glycosuna, 268 
Loewi's test, 268 
occult blood in fasces, 474 
table of results of tests, 275 
chronic, blood sugar curve, 268 
diastase in unne, 270 
duodenal contents, 451 
table of results of tests, 275 
Papilloma of bladder and fibnnuna, 28 
Paracresol glycoronate, 117 
sulphate, 281 

test of liver efficiency, 255 
Paraffin, liquid See Liquid. 

Parahje matin, nature of, 316 
Parathyroid extract, blood calcium 
following, 338 

tumours. See also Osteitis fibrosa 
blood calcium, 333 

Parathyroidectomy, blood calcium after, 
337 

Parotid fistula, diastase m fluid from, 614 
Paroxysmal baemoglobinuna, 212 
duodenal contents, 451 
hsemoglobituemia in, 317 
methamoglobmuna in, 2Z3 
Patterson’s method for', cldondea in 
cerebrospinal fluid, 408-409 
m gastnc contents, 442 
Pentoses, 111, 116 
testa for, 111 
Pepsin, 425, 432, 434 
estimation, 443 
“ Peptonuria,” 29 
Pentomtis, alkalosis in, 194-195 
blood chlorides, 194 
urea, 384 
indicanuna, 282 
urinary chlondes, 288 
Pernicious anaemia, achlorhydria, 420, 
430, 431 

achlorhydria persists after 

histamine injeotion, 421, 430 
after liver treatment, 420, 430 
acid administration, 191 
basal metabolism, 487 
bilirubin and urobilin in blood, 
nnne and fasces in, 247 
bilirubin in fasces, 243 
blood volume, 390 
duodenal contents, 451 
Ewald meal results, 427, 428 
Fouchet’s test, 244 
fractional test meal, 430, 431 
haamatmasmia, 327 
hasmoglobinasmia , 317 
liver treatment and blood uric 
acid, 385 

occult blood m fteees, 474 
urobiknuna, 236, 237, 238 
Van den Bergh’a test in, 247 
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Pettenkofer’s reaction, 239 
pH. definition of, 160-181 
of blood, 183, 197, 205, 334 
of fasces, 479-480 
of milk, 13, 416 
of unne, 204, 294 

colorimetric determination of, 
295-290 

in urinary infections, 297 
rough test with indicators, 204 
relation to Cu, 637 

Fhenacebn, and methaemoglobimcmia, 
324 

and aulphmmoglobinxmia, 324 
Phenazone, and methoemoglobiiucmia, 
324 

excretion as glycuronato, 117 
la Gerhardt’s test, 175, 232 
In urine, 231-232 
Phenol See Carbolic acid 
Phenolphtbalein, in unne, 220 
spectrum of, 220 
reduced See Phenolphtbahn 
Phenolphthalin solution, 522 
test, in onne, 18 

Phenol-red, as test of kidney function, 
92-93 

Phenolsnlphonephthalem See Phenol 
red 

Phenoltetrachlorphthalein test, 257 
Phenoltetraiodophthalem, 242, 256 
Phenoquin, 38« 

Phenyl-cinchonmic acid, 386 
Phenylhydrazine, 227 
poisoning, methuraoglobmremia, 325 
roethxmoglobiauria, 213 
unnary tests, 227 
Phlondzin, 130, 133 
Phosphatases, distribution of, 3G2 
in blood See Blood 
Phosphates and phosphoric acid in 
treatment, 191 
in blood »See Blood 
in calculi, 58, 59 
in gallstones, 63 
in salivary calculi, 65 
m tartar, 65 

in unne, 44, 45, 50-51. 289 
molybdate teat for, 61 
stellar, 44, 51 
triple, 61 
in faces, 457 

Pbosphabdes in spleen, 509 
Phosphatuna, 44 45, 60-51 
Phosphorus, daily requirement of, 504 
metabolism, 604, 505 
poisoning, and Jjpuna, 286 
and tyrosmuria, 54 
Jasndose tolerance test, 250 
Photographic plate method for trypsin, 
481-482 


Physiological saline, 4 

Picric acid, cause of falso jaundice, 313 

Pipettes, 6 

apparatus for drying, 7 
calibration, 6, 531-533 
cleaning, 6, 7 

collection of blood directly into, 303, 
301 

drying, 7 

salivary guard for, 140 
Pituitary diseases See also Hyper and 
Hypo-pttuit&nsm 
basal metabolism, 487, 489 
Plasma. See also Blood 
acid base balance in, 185, 536 
bicarbonate See Alkali reserve 
definition of, 180 
CO, content, 342-343 

note on determination of 197 
colow, 244, 313 
estimation of, 259-261 
differentiation from serum, 615 
hemoglobin in, 317 
m preference to serum or whole blood, 
311 

non protein nitrogen, calculation of, 
from blood urea, 373 
phosphate, 101, 190, 335, 364-363 
proteins, 96, 33C, 369-377 
biuret method of estimating, 375- 
377 

blood volume and 3S9 
critical level of, 96 
Jormol gel test and, 329 
micro Hjeldahl method, 370-375 
precipitation by tungstic acid, 332 
recalcification of, 615 
true, 179 

collection of blood for, 310-311 
necessary for plasma chloride 
estimations, 189 
volume, 383-390 
yield from oxalated blood, 311 
Plasmochin, and methrernoglolmuemia, 
324 

Pleural fluid, 411 

Pneumococcal meningitis, composition 
of spinal fluid, 394 
Pneumonia, acidosis in, 192 
blood oxygen, 360, 361 
urea, 384 
one acid, 385 
volume, 389 

chlorides in blood, 288, 344 
in cerebrospinal fluid, 402 
in unne, 288, 289 
influenzal, 323 
methasmoglobinasmia, 325 
organic acids in unne, 190 
Pneumonic exudate, chlorides in, 288 
Pointer for eyepiece of microscope* 8 
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Poisons, examination of excreta for, 225, 
232 

in bile, 256, 4 46 
Polanmeter, 120 
Polanscope, 109, 110 
Polarising microscope, 8 
Poliomyelitis, composition of spinal 
fluid, 398 

Polycythmmia, blood volume, 389, 390 
cyanosis in, 360 
dark blood in, 312 

Polyneuritis, composition of spinal fluid, 
397 

From’s syndrome, 403 
yellow spinal fluid, 400 
Porphyrin semia, 328 
Porphyrinogen, 2 16 
Porphyrins, 316, 317 
acid and alkaline, spectra of, 212 
benzidine test and, 474 
in faces See Faces 
formula of, 316, 317 
metallic spectrum of, 215 
Porphyrinuria, 214-216, 220 
acute, 215 
congenital, 215-216 
distinction from mixture of 
methaemoglobin and 
oxyhemoglobin, 214 
due to drugs, 215 
normal, 218 
tests for, 216 

Post-mortem, blood urea, 83 
cerebrospinal urea, 402 
Potassium chlorate, and 

methsemoglobinwmia, 324 
chloride as test of renal efficiency, 94 
indoxyl sulphate See Unne, indican 
iodide, excretion of, 101 
oxalate, as anticoagulant, 309-310 
Pott’s disease, pressure of spinal fluid, 
399 

Powders, marked tube for measuring, 
19 

Pregl’s micro Kjeldahl apparatus, 355 
Pregnancy, basal metabolism, 487 
blood calcium, 33S 
cholesterol, 318 
fibrin, 369 
phosphate, 364 
sugar in, 137, 101 
diabetes in, 1G1 
ectopic, hmmatimcmia, 327 
glycosuria in, 137 
kidney function testa in. 104 
laetosuna in, 116 
proteinuria in 33 
renal glycosuria in, 137 
toxasmias of, blood urea. 104 
diastase m unne, 270 
vomiting in, and ketosis. 190 


Progressive muscular atrophy, 
composition of spinal fluid, 397 
Prontosil, 228 

and methaamoglabinaimia, 324 
and sulphiemoglobmsenua 324, 327 
excretion of, 228 
urinary tests, 228 

Prostabc disease, blood chlorides, 344 
cholesterol, 349 
urea, 83, 104 
protemuna, -82 

two stage operation and blood ntea, 
104 

urea clearance test, 88, 104 
concentration factor, 98, 104 
test, 75, 104 

Protamine insulin, 170-171 
Protein, calorific value of, 544 
in ascitic fluids, 411 
metabolism, 501-602 
sparing action of carbohydrate and 
fat on, 501 
Proteins, foreign, 27 
molecular weights of, 27 
precipitation by tungstic acid, 332 
Protemuna. See also Unne, proteins 
and muscular activity, 33 
benign, evidence for being, 33 
clinical significance of, 31-34 
cyclic, 30 
febrile. 32 
functional, 30 
in health. 31 
in pregnancy, 33 
intermittent, 29-31 
kidney function and, 68, 70 
lordotic, 30 

never absent in renal disease, GS 

not caused by ingested protein, 33 

of adolescence, 30 

orthostatic, 30 

postural, 29, 30 

the term, 26 

toxic, 32 

without lesions of urinary tract, 34 
Proteoses, m unne, 28 
Protoporphyrin, 316 
formula of, 316 

in faeces See Faces, porphyrin 
nature of, 316, 317 
Pruritus, bile salts and, 248 
Prussian blue, 224, 510 
Pseudo-glob ulin, 27, 39 
in cerebrospinal fluid, 400, 403 
Pseudo-methsemoglobin, 325, 327 
in reversion spectroscope, 327 
reactions of, 325 
wave-length of a band of, 327 
Psychastbenia, fractional free HO, 431 
Pur gen, 218 

Purpura, blood calcium, 378 
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Pus, absorption of, and mdicanuna, 281 
and proteosuna, 28 
Pyelitis, 103, 192, 383 
alkalosis due to alkali, 192 
mtrituna in, 2S6 
Pyelonephritis, 103, 383 
Pyloric obstruction See also Intestinal 
obstruction 
alkalosis in, 194-195 
blood urea, 383 
gastric analysis, 42 6, 433, 444 
Pylorus, ulcers near, gastric anal} sis, 433 
Pyonephrosis, 383 
Pyramidone, 227 
colour of urine after, 227 
excretion as glyturonate, 117, 227 
as rubazonic acid 227 
in unne, tests for, 227-228 
test, fasces, 476, 478 
urine, 18 

Pyndine-hremochromogen crystals, 
illustration of, 608 
test, 607-508 
Pyridium, 228 

and sulph'emoglobimemia, 324 
excretion of, 228 
unnary tests, 228 
Pyuria, mtrituna and, 2S6 


Ratio of carbonic acid to bicarbonate of 
blood, 186 

Raynaud’s disease, blood oxygen, 360 
Reaction amphoteric, 13 
of blood See Blood 
of fasces, 479-180 
of milk, 13, 41G 

of urine, 13, 44, 204 294, 295-297 
Ready reckoners, 533-639 
Rectal concretions, 65 
Red blood corpuscles, 48 

blood volume and, 3S9 
Munition of, 48 
fragility of, 334 
Reduced phenolphthalein See 
Phenol phthalin 

Reducing ^bstances in blood, 138, J46 
m cerebrospinal fluid See 
Cerebrospinal sugar 
in normal urine, 123 
in unne, 106-123 
is^ of, 109 

scheme for identification of, 
110-112 
Rehfoss tube, 422 
Renal. See also Kidney 
calculus, 58, 383 
kidney function tests in, 103 
glyccstma, 11 5, 133 
and diseases of kidneys, 101 
in pregnancy, 137 

chtm strnops 


Renal infantilism, or dwarfism, acidosis 
in, 190 

blood calcium, 337 
phosphate, 190, 305 
urea, 95, 103, 383 
kidney function tests in, 103 
threshold for bile-salts, 248 
for dextrose, 130 
in renal glycosuria, 133 
lowered in diabetes, 133, 153, 165, 
162, 163 

in pregnancy, 137 
lowering of, 130 
normal, 130 

rai-ed in diabetes, 130, 135, 163 
in kidney diseases, 101 
to old age, 130 
in unemia, 130 

Renal threshold for galactose, 252 
Renal threshold for laevnlose (fructose^ 
2o0 

Respiratory primary CO s deficit, 187 
excess, 187 

quotient, or It.Q , 485, 486 
Reticulo-endothelial Bystem, 238 
formation of bilirubin in, 245 
Reversion spectroscope See 
Spectro«cope 
Rhubarb, 225 

Rickets, blood calcium, 33S 
phosphatase, 363 
phosphate, 365 
calcium metabolism 504 
faecal fats, 464 
fat metabolism, 602, 503 
pll of faeces, 479 
phosphorus metabolism, 504 
Roberts* test, 39 
Roehng tube, 46G 
Rosacea, fractional free 1IC1, 431 
Rose benged, 256 ' 

Ro ttiera’s test.JLI . J 74-175— 

'■'"for blood glutathione, 177 
in blood, 176-177 
in mclanogenuria, 222 
peculiar reaction in urine with, 175 
sensitmtv of, 174 
Rubazomc acid, 227 
Rubber tubing, cleaning of, 202 
Ryle’s Btomach tube, 422 

Saccharometer, 112 
Sahli’sglutoid capsule test, 274 
Salodm, 275 

Salicylates, 110, 117. 175, 231 
and reduction, 110 
excretion as salicyluric acid, 117 
in Gerhard t’e test, 175 
in gout, 3S6 
m unne, tests for, 231 
Salicyl-sulphoDie acid test, 1 0, 23 
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Salicylic acid, test of liver efficiency, 255 
Salicylnnc acid, 110, 117, 231 
Saline, for fecal suspensions, 455 
isotonic, 4 
normal, 4 
physiological, 4 
Saliva, urea in, 75 
Salivary calculi, 65 

glands, diseases of, diastase m urine, 
270 271 ^ 

guard for pipette, 140 
S&lol, 231 

Salt deficiencj in normal man, 379 
metabolism, 504, 505 
normal, 3 

solution of a, 3 

restriction, blood chlorides and, 344 
urinary chlorides and, 94 
tests and renal efficiency, 94 
Salts in bile, 243 
m mijk, 416 

intake of, computation with tables, 
crude, 504 

Salvarsan, arsenic poisoning from, 233 
bilirubin and bile-salts in urine 
following 239 
blood lipase after, 254 
lievulose tolerance test after, 250, 251 
Sand, intestinal, 65 
Sandalwood, and Hay’s test, 240 
Santonin, in unne, 226 
Sarcmse, 444 

Scarlatina, intermittent proteinuria m, 
29 

proteinuria in, 32 
Sehlesinger’s test, fasces, 481 
unne, 19, 236 

Schmidt’s beef cube test, 275 
test for bilirubin in fasces, 459 
test for stercobiim, 4S0-481 
Sciatica, composition of spinal fluid, 397 
Sclerema neonatorum 511 
Scurvy, ascorbic acid in unne, 297-301 
occult blood in feces, 474 
Sebwanott’s tea £pn t.. Lift, 52.4- 
test, 110 

Sellard’s test, 204-205 
Semen, in unne 27, 29, 30 
proteins of, 2S 
Senna, 22o, 313 
Senoran’s bottle, 423 
Sepsis, blood cholesterol, 348 
blood sugar, 136, 161 
glvcosuna, 115, 161 
anaerobic, haematinaeraia, 327 
meth-emoglobinamua, 325 
methscmoglobinuria, 213 
Bulphajmoglobinieraia, 325 
chronic, blood calcium, 338 
Septicaemia, metbaunoglobuucnm, 325 
mctb-emoglobmuna, 213 


Serous fluids, 411 
Serum. See also Blood, 
colour, 244, 313 
estimation of, 259-261 
differentiation from plasma, 515 
in preference to plasma or whole- 
blood, 311 

phosphate, 101, 335, 364-368 
proteins, 96, 336, 369-377 
biuret method of estimating, 
375-377 

micro Kjeldahl method, 370-375 
precipitation by tungstic acid, 332 
therapy, irritation of meninges, 395 
Shock, blood volume, 389 
proteinuna, 32 
Shoe-dye poisoning, 324 
Silver in skin, etc. (argyria), 606 
Sinus, longitudinal, puncture of, 306-307 
Skatole-carboryhc acid, 283 
Skatole-red, 283 
Skatoxyl glycuronnte, 117 
sulphate, 281 
Skin, calcification of, 51 1 
cholesterol in, 511 512, 613 
diseases, basal metabolism, 487, 489 
blood calcium, 338 
fractional free HC1, 431 
uidicanuna in, 282 

histochemieal examination of, 506, 
508, 509-510, 511, 512 
iron in, 509-510 
pigmentation, argyria, 606 
hemochromatosis, 609-510 
xanthomatosis, 512 
water lost daily from, 499 
Skull, fractures of, blood sugar, 130 
•glycosuria, 115 159 
hetonuna, 159 

recognition of ccrobrospina.1 fluid, 
515 

Smoking. See also Tobacco 
and blood sugar, 126 
Snapper’s method for occult blood in 
-VW, 

Sodium bicarbonate, alkalamua due to 
overdose with, 192 * 
control of dose of, 193-194 
tolerance test, 203, 204-205 
biurate, 509 

chloride, administration m Addison’s 
disease, 378 

in intestinal obstruction and 
peritonitis 195 
citrate, as anticoagulant, 310 
fate of administered, 191 
fluonde, as blood preservative, 310,366 
hydroxide, CO { free, 78, 524-523 
Solutions, diluted and concentrated* 4 
normal, 3-6 
weak and strong, 4 
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Solvents, BP. of organic, 514 
Soxhlet apparatus, description of Use of, 
350 

illustration of, 350 
in method for blood cholesterol, 
349-352 

for fecal fat, 469-471 
Soya bean, 79 
Spasmophilia, 33S 
Specific gravity, of exudate3 and 

transudates, 411 < 

tables, 541-543 
Spectra, charts of, 212, 220 
Spectroscope, direct vision, 208-211 

examination of blood in ft to 
with, 314 

glass cells for use with, 209 
illustration of, 20S 
instructions for use of, 208-3 u 
method of holding, 209 
viewing tube from above, 210 
reversion, illustration of, 321 
use of in earboxyhamoglobimemia, 
320-323 

use of in methxraoglobinsemia and 
sulphannoglobiiucmia, 326-327 
Spectroscopic examination, of blood, 
314-315 

of circulating blood, 314 
of feces, 475, 477-178, 481 
of gastric contents, 439 
of normal urine. 220 
of unne, 17, 19, 208-211 
Spermatozoa, m unne, 27 
Spermine phosphate, in faxes, 457-45$ 
in lenkaenuc spleens, 458 
Sphingomyelin, in blood, 364 
Spinal caries, From’s syndrome, 403 
tumour, albumin globulin ratio of 
spinal fluid, 400 
composition of spinal fluid, 39V 
From’s syndrome, 403 
pressure of spinal fluid, 399 
ysnlfew j&izm) ihyd, 490 
Spleen, in Gaucher’s and Niemann's 
diseases, 508-300 

leukiemic, Chareot-Lcjden crystal j Di 
458 

nature of crystals, 458 
separation of crystals, 458 
Splenic aneemia, basal metabolism, 
437 

Sprue, achlorhydria and histamine, 
421 

blood calcium, 338 
blood phosphate, 338 
bulky stools, 273 
fecal fats, 464 
Stains, blood, 506-503 
“Staircase” retention of nitrogenous 
bodies in blood, 100 


! Stalagmometer, 449 
Standard solutions, 4-9 See also 
Appendix 

Staphylococcal meningitis, composition 
of spinal fluid, 394 

Starch, granules, diagram of maize, 49 
m feces, 271 

in gastric contents See Gastric, 
in urine, 49, 57 

Starvation, blood cholesterol, 348 
blood uric acid, 385 ' 
fecal fat, 464, 602 
nitrogen, 472, 501 
solids, 480 
feces, 458, 464 
ketosis from, 178, 190 
Stestorrhcea, 254, 273 
congenital See Congenital 
idiopathic, blood calcium, 338 
blood phosphate, 338 
true, 273 

Stellar phosphate, 51 
Siercobihn, and cycle of bilirubin, 
237-239 

clinical significance of, 243 244, 247 
origin of, 238 
spectrum of, 220 
tests for, 244, 480-481 
Slercohihnogen, and cycle of bilirubin, 
237-239 

clinical significance of, 243-244, 247 
origin of, 238 
tests for, 244, 4SO-4S1 
Stercoporphyrin, 214, 215 
formula of, 310, 317 
in feces, 215, 476 
in normal nrrne, 218 
Stokes’ reagent, 52S 
Stomach. See Gastnc 
distance from teeth, 423 
emptying rate of, 430 
tubes, 422, 423 
passage of, 423-424 
ifsi’t&a bf, 428 
“ wash out,” 424 
Stones See Calculi 
Stools See Pieces 

Streptococcal meningitis, composition of 
spinal fluid, 394 
Streptozon S„ 228 

Subacute combined degeneration, 
composition of spinal fluid, 397 
Subcutaneous fat, iodine value, CU 
melting point, 61 1 
tissue, 511 

Subicterus See also Jaundice 
bile salts in urine, 239 
icterus index, 244 
Van den Bergh’a test, 246 
Sudan HI, excreted in bile, 256 
marker for feers, 453 
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Sudan HI, teat in cliylons ascites, 411 
fn chylnna, 285 
colour plate of See 
Frontispiece 

Suicide, by coal gas, 318 323 
"by )j sol, 227 

Sulphsemoglobm, action of CO on, 327 
identification by reversion 
spectroscope, 326-327 
note on spectrum of, 212 
preparation of solution of, 327 
spectrum of, in laked blood, 212 
Sulpluemoglobinccni'.a, 323-327 
anoxcemia in, 360 
causes of, 324 
clinical signs in, 325 
differentiation from 
methmmoglobinasmia, 326-327 
drugs responsible for, 324 
hypothesis of, 323 
intracorpuscukr and 

extracorpuseulaT, 324 325 
spectroscopic examination of blood in 
vivo, 314 
tests for, 326-327 
Sulphaemoglobinuna, 214 
Sulphanilamide, 228 Seealao Prontosil 
Sulphonal, meth^moglobmaemia from, 
324 

porphynmma from, 215 
Sulphouanmie, 228 See nlso Prontosil 
Sulphur metabolism, 602, 505 
of blood, 336 

of unne See Unne, sulphur 
Sulphurous acid, as preservative of 
urjne, 293 

in alkaptonuria, 118 
in mehnogenuna, 223 
Sweating, and colour of unne, 218, 219 
blood sodium, 378 

Sweets, responsible for unusual colour of 
tinne, 218-219 

Syphilis, composition of spinal fluid, 396 
congenital, composition of spinal 
fluid, 396 

formol gel test, 328 

Syphilitic meningitis, Froin’s syndrome, 
403 * 

Lange a test, 404 

Syringomyelia, composition of spinal 
fluid. 397 


Tabes, albumin globnhn ratio of spinal 
fluid, 400" 
argyna, 606 

composition of spinal fluid, 396 
fractional free HC1, 431 
Lange’s test 404 
Takayama’s solution, 507 
Tap-water, substituted for unne, 514 


Tartar, 05 
Tartaric acid, 191 
Teeth, pink, 216 

fluorescence of, in porphyria, 2J6 
tartar from, 65 
Test-meals, 420-421 
Tetany, 187, 188, 337-33S 
alkalosis due to alkali, 102 
, in fevers, 106 
blood Calcium, 337 
calcium metabolism, 504 
m metabolic alkalosis, 187 
in nephritis, C6 
in respiratory alkalosis, 188 
phosphorus metabolism, 504 
varieties of, 337-338 
Tetrabromphenolphthalein, 242 
Tetraiodophenolphthalein, 242 
Thallin, 175 

Thermometnc scales, 538 
Tbioneme, of blood, 336 
Thoimahlen reaction, 223 
Thymol, and Hay’s test, 240 
and liver efficiency, 235 
and testa for vndicanuna, 282-283 
as preservative of unfle, 292 
excretion as glycuronate, 1 17 
Thymol-fluoride mixture, as blood 
preservative, 310 

Thyroid, adenoma of, 486, 488, 489 
diseases See also Hyper- and Hypo- 
thyroidism. 

basal metabolism, 486-488 
malignant disease of, basal 
metabolism, 488 

Thyroiditis, basal metabolism, 488 
Thyroxine, basal metabolism and, 487 
in myxeedema 487 
Toast and tea test meal, 420 
Tobacco BtnokeTs. 

carboxyhaunoglobimemia in, 318 
Toluene, as preservative of urine, 292 
T&pfer’s Teagent, 437, 528 
test, 437, 440 
Tophi, 509 

Total solids, of bile, 243, 452 
of fates, 480 
of milk,4IG, 4L7 
of normal blood, 336 
of unne, 294 

Toxsemias of pregnancy, blood urea, 10-1 
diastase m urine, 270 
Transfusion, incompatible, 
hemoglobin umia 317 
hamoglobmuna, 213 
rnethsemoglobm'cmia, 325 
metfuemoglobmuna, 213 
psendo-metfcuemoglobiruemia, 325 
Transudates and exudates, 41 1 
Tnonal, methsemoglobinscrata from, 324 
porphvrmuna from, 215 
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Tnple phosphate, 51 
m fieces, 457 

True plasma. See Plasma 
Trypanosomiasis, composition of spina} 
fluid, 39S 

formol gel test, 329 
Trypsin, detection of, 481-482 
m blood, 271 

in duodenal fluid, 271, 449,'451 
m faeces, 271, 481-482 
in gastric contents, 271, 425, 481-482 
in unne, 271 
in wound discharges, 514 
Tryptophan, and indicanaemia, 97 
source of mdican, 281 
Tube, for measuring powders, 19 
for needle, 305, 300, 392 
oxalate, preparation of, 309 
Tuberculosis, acute, diazo test in urine 
284 

and diabetes, 102 
and proteinuria, 31 
of intestine, indicanuria in, 282 
of kidneys, blood urea, 383 
of lung, formol gel test in, 329 
of spine, Froin’s syndrome, 403 
mesenteric, and bulky stools, 273 
Tuberculous meningitis, blood-sugar, 130 
cerebro«pmal chlorides, 402 
clot in spinal fluid, 399 
composition of spinal fluid, 394 
glycosuria, JR9 
ketonuna, 169 

peritonitis, chvlum following, 285 
faical fats, 4C4 

ulceration of intestine, occult blood 
in faeces, 474 
Turnbull’s blue, 510 
Turpentine, and Hay’s test, 240 
oil of, excretion as glycuronate, 117 
Typhoid bacilli, m bile, 250 
in duodenal fluid, 446 
fever, composition of spina] fluid, 395 
Ehrlich's diazo test, 283-284 
indicanuria, 282 

meningitis, composition of spinal 
fluid, 394 

Typhus, composition of spinal fluid, 395 
Tyrosine, formula of, 54 
illustration of, 54 
in urine 54 

identification of crystals, 64 


Uffelmann’s reagent, 437, 528 
test, 437 

Unconsciousness, and kidney function 
tests, 102 

Unemia, acidosis in, 19 1, 194 
analysis of Tomitin, 515 
Andrewes’ test, 90, 102, 103 


Uraemia, blood calcium, 96 
blood sugar, 130, 137 
blood urea, 82, 84 102, 103, 130, 516 
cerebrospinal sugar, 130, 401 
urea, 130, 402 

diagnosis of, by blood urea, 103 
hypergly ccemia sine glycosuria, 137 
indicansemia, 06, 102, 103 
Urates in unne, 44, 45, 49 
Uratic calculi, 58, 59 
Urea, administration, effect on blood 
urea, S3 

in urea clearance test, 89 
in urea concentration test, 71 
bacterial decomposition of, m urine. 

See Unne decomposition, 
dose of, 71 

estimation of, in blood, 75-82 
in unne, 71-74 
in saliva, 75 

tests, selection and value of, 102-104 
clearance, maximum and standard, 
84 91 
test, 84-91 

collection of urine, 8S 
correction for body size, 80 
chart for, 87 
factor! influencing, 88 
interpretation of, 91 
preparation of patient, 88 
reporting results, 85 
concentrabpn 1 actor, 98 
test. 70-75 

Urease, fluonde an enzyme poison for, 
75, 310 

methods for blood urea, 76-82 
soya bean and, 79 
tablets 82 

Ureter, diseases of, and proteinuria, 32 
Urethra, diseases of, aud protcinuna, 31 
medication of, and hpuna, 286 
Une acid, calculi, 58, 59 
in blood See Wood 
in tmne See Unne 
reduction by, 109, 112 
murexide test for, 61 
Urinary infections, 297 
mtntuna, 286 
treatment of, 297 
obstruction. See Prostatic disease 
tract, lmtation of, by calcium oxalate, 
62 

by phosphates, 51 
by une acid and urates, 60 
Unne, acetone bodies, 17, 172-178, 206 
and Tliormahlen'a test, 224 
add plus ammonia, 203, 206 
acidification of, to preserve, 293, 299 
albumin, 2C, 27 See afto Unne 
proteins 

estimation of, 25, 37 
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Unne, albumin globulin ratio, 25, 31 
amino acid nitrogen, 253, 294 
ammonia, 184, 191, 294, 295 
coefficient, 184, 206 
oatpat of, 294, 295 
amphoteric, 13 
antipyrine, 117, 175, 231 
arsenic, 233 

ascorbic acid See Ascorbic acid 
Bence Jones’ protein, 28 
detection of, 40-42 
bicarbonates 45 
bde pigments Ste Bilvrubin 
salts, 18 239-240 
bilirubin See Bilirubin 
deposit of, 56 
tests for 18, 235 236 
Hood, 27, 207-216 
and denvatu es, 207 216 
and proteinuria, 14, 27, 207 
red cells in deposit 48 
routine tests for 17 
bromides 230 
calcium, 294 504 505 
calcium oxalate, 44, 45, 51, 276 
catcall, 58 59 

crystals in pancreatic diseases, 276 
calculi, 58-62, 64 

carbolic acid See Carbolic acid and 
Carbolona 
carbonates, 45, 289 
casts, 30, 46, 4 8 
counSfTcrrfB 
diagram of, 49 
cells, 46, 48 
counts of, 46 
diagram of, 49 
chlorides 21, 288-289 
and chloride intake, 94 
and kidney efficiency, 93 
cholesterol, 95, 28o 
deposit of, 57 
in ehylum, 285 
chyle in, 284-285 
clots See Uruuv, fijuun. 
cloudy, causes of, 284 
filtration of 24 
collection of 291-292, 500 
colour, 217 229 
abnormal m children 221 
beetroot affecting, 219 
• classification of conditions 
responsible for, 217 
drugs causing, 225-229 
due to bilirubin and urobilin, 
235-237 

due to bcemoglobin and derivatives, 
207-216 

list of causes of, 217-218 
pathological causes of, 219-225 
physiological variations 10 , 218-219 


Brine, colour, scheme for examination 
of, 233-234 

streets affecting, 218-219 
composition of, 289, 294, 295 
concentrated, 218, 220 
contamination by feces, 58 
by milk, 47, 284 
by semen, 27, 29, 30 
by vaginal discharges, 27, 29 
creatine, 294 
creatinine, 100, 294, 2D5 
and Thonnablen’s reaction, 224 
reduction by, 109, 112 
cresols, 226-227 
crystals in, 46, 49-58 
cystine, 52-54, 290 
calculi, 52, 59 
decomposition of, 291 
and false hiemoglobiniina, 213 
and glucose estimations, 291 
and pliosphaturia, 44, 45, 50 
and reaction, 204 
deposits, 21, 44-58 
bnck-dust, 220 
cayenne pepper, 45 
in intermittent proteinuria, 30 
list of, 47 

pigmentation of, 45, 220 
preliminary tests on, 44 
preparation tor examination, 40 
preservation of, 293 
solubilities of, 56 

diastase and kidney efficiency, 100-101 
and obstruction of salivary duct, 
270-271 

and pancreatic efficiency, 269-270 
effect of diet, 270 
estimation of, 277 280 
normal, 270 
diaio test, 283-284 
drugs, 225-234 

scheme for examination for, 233 231*'- 
eosm See Losin 

ethereal sulphates, after camphor, 
thjpnnL, efit 255. 
in carbolic acid poisoning, 
200 

normal, 289 

eu globulin or Lipoid globulin, 27, 28, 
39,95 
feces in, 58 
fat, 284-286 
fatty acids, volatile, 294 
fibrin, 28, 2S4 
filtration of, 24 
flavine, 229 

fluorescence of in porphyrinuria, 210 
freezing point, 204 
fructose ffevnloae), 109, 110 
test for, 1 10 
galactose, 108, 252 
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TJnne, globulins, 26, 27 
estimation of, 23, 37 
separation from albumin and muons, 

glucose. See also Unne sugar, Unne, 
reducing substances, and 
Glycosuria 

(dextrose), 16, 101, 109, 115 
estimation of, 120-123 
fermentation of, 112-114, 291 
gly coronates, drugs conjugated with, 
117 

of normal, 123 

putrefactive bodies conjugated with, 
117, 255 

reduction by. 111, 117 
guaiacnm, 228 

haemoglobin See Hasmatuna and 
Ha>moglobinuna 
hippunc acid, 67, 294 
homogentisic acid, 118-120 
m discharges, 5J 3 
in fteces, 513 
indican, 281-283 
and indigo deposit, 56 
and reduction 117 
and skm diseases, 282 
as test of bver function, 255 
as test of pancreatic function, 276 
confusion with melanuna, 282 
factors influencing, 281 
m normal, 282 

source of, 281 
testa for, 20, 282 
in presence of iodides, 282 
indigo blue, 229 
deposit of, 56 
illustration of, 57 
indigo carmine, 229 
indigo red, 283 
indirubin, 2S3 

indoxyl glvcuronate, 67, 117, 255, 282 
sulphate, 50, 255, 281 See also 
Urine, indican 

inorganic sulphates in carbolic acid 
poisoning, 290 
normal, 289 
test for, 290 
iodides, 230-231, 282 
iron, 294 

lactose, 109, 111, 116 
laevulose (fructose), 109, 116 
test for, 110 
lead, 232-233 
leucine, 55 

hpoid globulin See eiz globulin 
magnesium, 294, 504, 505 
maltose, 108 

melanogcn and melanin, 221-225 
mettuemoglobin, 213-214 
methylene blue See Methylene blue 
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Unne, microscopical examination of, 
45-58 

mucus, 26, 27, 38-40, 48 
nitrates, 286, 289 

nitrites, 286 

nitrogen, partition, 253, 295, 353 
' total, 294, 295 

normal, composition of, 289, 294, 293 
pigments of, 218 
sugar of, 123, 500 
nucleoprotein, 27 
opalescent, causes of, 284 
organic acids, 206, 294 
oxabe acid, 294 
pentoses. 111, 116 
tests for. 111 
of normal, 123 
“ peptones,” 29 

pH. See pH, and Urine reaction 
phenazone, 117, 175, 231 
phenolphthalein, 226 
phosphates, 44, 45, 50, 289 
normal values for, 289 
phospbatic calculi, 58, 69 
phosphorus. 289, C04, 605 
porphyrin, 214-216, 220 See 
Porphyrinuria 
poisons in, 232-233 
potassium, 294 
preservation of. 202-203 
proteins, 22-43 See also Proteinuria 
and tests for “ sugar,” I0S 
clinical significance of, 31-34 
differential estimation of, 25, 37 
estimation of total, 24, 34-37 
precipitated by cold acetic acid, 27, 
28, 30, 33 

tests for, 15, 15, 22-24 
the different kinds of, 26 
proteoses, 2S 

pyTamidone Set Pyraraidone 
pseudo globulin, 27, 39 
punne bases, 294 
reaction and urinary deposits, 44 
colorimetric determination of, 
295-296 

in unnary infections, 297 
normal, 204, 294 
rough test with indicators, 264 
routine test with litmus, 13 
recognition of, in discharges, 613 
reducing substances, 16, 106-123 See 
also Unne sugar 
estimation of, 120-123 
preservatives acting as, 292, 293 
list of, 109 

scheme for identification of, 

110-112 

resinous bodies, 23, 24 
rhubarb, 225 

routine examination. 13-21* 
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Unne, salicylates, 110, 117, 175, 231 
salicjlunc acid, 110, 117, 231 
santonin, 226 

sediments See Urine deposits 
semen in, 27, 29, 30 
senna, 225 
shatole red, 283 
sodiam, 291 
solids, total, 294 
specific gravity, 219, 294 
fixation of, 292 

spectroscopic examination, 208-211 
for haemoglobin, 17,213 
for urobilin 19 
spermatozoa in, 27 
starch in, 57 
diagram of, 49 
sugar, 16, 106-123 
and insulin treatment, 163-168 
and kidney efficiency, 101 
daily excretion of, 120 
estimation of 120-123 
of normal 123 500-501 
tests, 10, 10G-10S 
and “ peptonuria, 29 
effect of protein on, 108 
sulpbsemoglobin, 214 
sulphur, compounds, 289, 290 
fractions 289, 290 
daily output of, 289 
inorganic and ethereal sulphate, 
290 

neutral S fraction, 290 .» 

partition of normal 2S9, 290 
test for inorganic sulphate, 290 
turbid, filtration of, 24 
tyrosine, 54 
urates, 44, 45, 49 
illustration of 50 
uratic calculi, 58, 59 
urea, 253, 294, 295 
bacterial decomposition of See 
Urine decomposition of 
estimation of, 71 74 
unc acid, 44. 45, 49, 50 
Calculi, CS, 59 

daily output in health, 294, 295 
illustration of, 50 
m gout, 3S6 
reduction by, 109, 112 
vitamin C See Ascorbic acid 
volume, 294 
xantlune 47, 57 
calculus 159 

Urobilin, and cyelo of bilirubin, 237-239 
in blood 247, 328, 330 
in duodenal fluid, 451 
in unne, 210-237 

clinical significance of, 23G-237, 247 
tests for, 19, 236 
onpinrof, 238 


Urobilin, spectrum of. 22 0 
wave length, of absorption, band of, 315 
Urobilmsemia, 247, 328, 336 
Urobilinogen, and cycle of bilirubin, 
237-239 

in duodenal fluid, 451 
m normal urine, 218 
in unne, 236-237 

clinical significance of, 23G-237, 247 
tests for, 19, 230 
origin of, 238 
Urocarmine reaction, 2S3 
Urochrome, 45, 218, 219 
and “ peptonuria,” 29 
Uroerythnn, 218. 220 
on uratic deposits, 45, 220 
spectrum of, 220 
Uroporphyrin, 214, 215 
formula of, 316, 317 
Urorosem. 220, 2S3 
spectrum of, 220 
Urorubin, 283 
Uroselectan, 232 
and testa for proteinuria, 23, 24 
excretion of, 232 
in unne, and Bradshaw's test, 41 
tests for, 232 
Urostealiths, 64 
Urotropm, in bile, 446 
Urticaria, blood calcium, 33S 
Uterus, cby lous discharge from. 285 
involution of, and proteosuna 2S 


Vaginal discharges, chylous, 285 
contaminating urine, 27, 29 
Van den Bergh’s test, 245-24S, 262-264 
cobalt standard for, 262 
direct and indirect reactions, 
245-246, 262-2G3 
direct reaction in normal sera, 
245 

hitmoljsis to be avoided. 264 
in cerebrospinal fluid, 400 
in gastnc contents, 438 
in urine See Harder’ a test 
interpretation of, 245-248 
technique of, 262-264 
using Lovibond comparator, 
264 

Van Slyke’s CO, apparatus, volumetric, 
193 

method for alkali reserve, 107-202 
Vancose ulceration, blood calcium, 338 
Vegetables, carbohydrate content of, 500 
Veins, dilation of on tapping 305 
Venereal diseases, and proteinuria, 32 
Ventricular fluid, 391, 392 
Verambn, 227 

Veronal, porphyrinuria from, 215 
Vesical calculi, 58 
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Visceroptosia, fractional free HO, 431 
Vital red, method for blood volame, 389 
Vitamin C. Ste Ascorbic acid 
snbnntntlon, detection and 
measurement of, 297-301 
Vitamins and urinary calculi, 59 
Vomit, analysis of, m anemia, 516 
bilirubin in, 244 
examination of, 424 
loss of HCI and NaCl in, 194 
water lost in, 499 
Vomiting, alkalaamia from, 187 
alkalosis resulting from, 187 
and ketosis, 178 
blood calcium, 333 
Wood fldOT.das lowered by, 194, 344 
urea, 194 383 
volume, 389 
character of, 424 
plasma proteins, 369 
uraemic, 191, 194 
urinary chlorides, 288 
V on Gierke’s disease, 138 


Wallace and Diamond’s method for 
urobilinogen, 236 

War-gas poisoning, blood urea 383 
volume, 389 

Wasting diseases Set alto Cachexia 
plasma proteins, 370 
Water, in bile, 243 
in faces, 454 
in foods, 498 
intake and output, 499 
intoxication, 500 

meal, 3 01 

metabolism, 498-600 
redistilled, 410 
sources of, 493 
test-mi>al, 421 
vapou>, tension of, 493 


Water, weight of 1 cc at different 
temperatures, 532 

Wavelengths, methods of recording, 21 1 
of Fraunhofer lines, 210 
of hemoglobin and derivatives, 315 
Weights and measures, 539 
Whatman’s filter papers, 633 
White blood corpuscles, 48 
Whitlow, 161 

Wilbur and Addis’ method for atercobilm 
244 

Wmtemitz’s sajodm test, 275 
Wohlgenath’s method for diastase 
277 280 

Woodyatt’s formula, 177 

Wn 's method for plasma proteins, 379 


Xanthine, calculus, 59 
murine 47,57 

Xanthochromia, of cerebrospinal fluid 
394-298, 399-109 
of plasma or serum, 313 
Xanthoma nodules, 512, 613 
analysis of, 513 
Xanthomatosis, 612-513 
blood cholesterol, 349, 612 
diabetic and non-diabetic, 512-513 
mstilm treatment of, 349, 512 
hpasmia, 312 
Xanthophyll, 313 
Xanthosis, 313 

( X -ray plate method for trypsin, 481-482 


Yeast cells in gastric contents, 443, 444 
fermentation, 112-114, 252-253 


Zinc protamine insulin, 170-171 



